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POPULAR SCIENCE REVIEW. 



ON SOME ARMOURED FISHES. 

By henry woodward, F.R.S., F.G.S. 
[PLATES I. AND Il.l 



THE doctrine of " evolution," or the tendency among animals 
to produce variations, which under certain conditions may 
survive or even supplant the parent-form, has attracted so much 
attention of late, that it may not be without interest to glance 
at some of the first representatives of the Vertebrate sub-king- 
dom, whose remains are left to us in the older rocks, in order to 
ascertain whether Palaeontology affords any evidence which may 
be of service in elucidating this most interesting subject. 

And here at the outset, it must be confessed that the oft- 
pleaded imperfection of the geological record leaves much untold 
which the naturalist seeks to discover. 

Taking the class of Fishes as the earliest representatives of 
the Vertebrata, we naturally hope to find evidence of the first 
and simplest forms preserved to us in a fossil state ; but the re- 
searches of the zoologist have brought to light a form now living 
which, from the perishable nature of its entire organism, we can 
never hope to find fossil ; and comparative anatomy shows iis 
that the ordinarily received notion of a vertebrate animal being 
one which possesses a backbone, frequently fails us from the 
apparent absence of thii^most important part! 

For example, we have in the anomalous Amphioxus or 
*'Lancelet" (Woodcut, Fig. 1) an animal placed with the 
Verteteita, yet of the most elementary construction conceivable. 
Indeed, it seems paradoxical to class such a creature with verte- 
brate animals, seeing that it has no skeleton^ properly so called ; 
the bony centra of the vertebral column are represented by a 
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semi gelatinous rod (cA) (the "notochord," or chorda dorealis of 
embryoIogiBts), enclosed in a membranous sheath (it) supporting 
the spinal cord (md). 




There is no hUuII, and the spinal cord does not expand in 
front to form a distinct brain or cer^rum. The body is lanceo- 
late in shape, and is provided with a narrow membranow 
border, of the nature of a median fin, which runs along the 
whole of the dorsal and a portion of the ventral surface, and 
expands at the tail to form a lancet-shaped caudal fin. No 
(rue " paired " fins representing fore and bind limbs exist. The 
mouth (6) is a longitudinal slit, placed at the front of the bead, 
entirely destitute of jaws, but eurroimded by a number of oral 
cirri (/,/), which are borne by a pair of jointed cartilaginous 
filaments. The throat is providt^ with several leaf-like fila- 
ments (0, g), which are richly supplied with blood, and appear in 
part to discharge the function of gill?. The mouth opens into 
a dilated chamber, termed the pharyngeal or branchial sac (p/i)- 

The walls of this chamber are strengthened by numeroni 
cartilaginouB filaments (r, r, r), between which are transverse 
slits ((e) or clefts, not opening upon the skin, and the whole 
chamber is lined with a richly ciliated mucous membrane. 

The water admitted by the mouth passes through the biarw 
chial clefts into the abdominal cavity, aud escapes through the 
aperture (as) in the ventral suriace. The alimentary caual (i, i) 
proceeds from the posterior end of the branchial sac ; it has % 
sac-like organ (A) appended to it, which probably represents 
the liver. 

• We are indebted to the courtesy of Messre. Lungiiiaiis 4 Co. for per- 
luiseion to me this woodcut, and also for Fig. 3, from Fruf. Owen's "Com- 
parative .\natomy,Vortel)rateB," Vol.1., 1866, p. 31, fig. 33, and p. 26, fig. W. 

Leltere in woodcut, Fig. 1, not referred to in the text: — 

ob. longitudinftl filuneDtary ligament supporting the spinal chordl 
y. posterior termination of nocochord ; bn. branchial vein ; ba. bnuclull 
artery; m>. ovariaD veuel F od. ovarian ductP h. the liter F iid. he^Mtis 
duct -f py. pylorua. 
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There is no swim-bladder, no special heart, the circulation 
being effected by means of several contractile dilatations — 
" pulsatile portal sinuses " (Owen) — developed upon the main 
bliiod-vessels. The blood is colourless. A pair of nerves are 
given off to the eyes (op), and another branch to a ciliated pit, 
probably an olfactory organ (ol). 

The resemblance between the respiratory pharyngeal sac of 
the ** lancelet " and that of the tunicated moUusks, Ascidians, or 
** sea-squirts," was pointed out by the late Professor Goodsir,* who 
also considered the " Lancelet" as allied to the Annulosa, from the 
simple organization of its respiratory and circulatory system. 

In the more recent researches of M. Kowalevsky, he traces 
a close affinity between Amphioxus and the early stages of 
some Ascidians. 

*' Thus in Amphiox'iia are united characters belonging to 
the Tunicata and Annelida, and unexpected relations are re- 
vealed between the Vertebrata and Invertebrata." t 

Yet even if we might consider Amphioxus to be, like Avi^ 
raocoetes^ an immature form, which perhaps reached a somewhat 
higher adult stage by a tardy metamorphosis,} there are many 
other animals besides the " Lancelet " in which the skeleton in 
the adult retains many of its embryonic characters, and although 
these are restricted at the presetit day to a few among the 
living orders of fishes, such characters were common to all 
the older fossil forms. 

Professor Owen observes " the centnim is the most constant 
vertebral element as to its existence, hxU not as to its ossifica- 
tion. There are some living fishes, tod formerly there were 
many, now extinct, in which the peripheral elements of the 
vertebra become ossified, the central one remains uno88ified."§ 

This central basis of the neuro-skeleton, as we have already 
seen in the case of Amphioxus^ may attain in the adult animal 
to no higher condition than that in which it is laid down in the 
emlayo of every vertebrate animal, namely, as a more or less 
cylindrical fibrous sheath, filled with simple cells containing 
jelly. In the Lamprey {Petromyzan marinus) cartilaginous 
processes strengthen the sides of the neural canal. In the 
Sturgeon (Acipenser sturio) the inner layer of the notochord 
has assumed the texture of tough hyaline cartilage, whilst 

• '• Trans. Roy. Soc. Edinb." Vol. xv. p. 269, Plate xi. 
t **0n Certain (Jenera of Li\Ting Fishes and their Fossil Affinities.*' By 
Mi» Agnes Crane. " Geol. Mag." 1877, Vol. iv. p. 209. 

X Ammoc€Pte$, after the third year from the egg, passes by metamorphosis 
UiFarwntfMtm. (Owen, " Comp. Anat. Verteb." Vol. i. 186G, p. 7.) Save that 
I Awtmocaim inhabits mudbanKs in rivers, whilst Amp/no.itts burrows in sand 
\ beDMth the sea, these forms agree closely w^ith each other. 
§ Owen, " Comp. Arat Verteb '' Vol. i. 1866, p. 30 

y 2 
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neural and haemal processes of firm opaque cartilage are also 
present. 

This absence of a solid vertebral column and bony frame- 
work does not, however, necessarily imply a poverty of lime in 
such animals, for many fishes in which the notochord is unossified 
have well-developed neural and haemal processes, or have their 
heads and bodies more or less encased in stout bony plates, 
forming a powerful defensive armature. (See PI. II., Fig. 1, 
Coccosieus.) Indeed, bony matter may be variously disposed in 
tlie bodies of vertebrate animals. 

The "Trunk-fish" {Oatracion hlcav^ 
^''" 2. ^i^ii^^ pi^ 11^ Y'\g. 3), the Tortoise, and 

the Armadillo, are instances of its accu-^ 
mulation upon or near the surface of the 
body, constituting the " dermo-skeleton ;" 
the deep-seated bones in relation to the 
bony-framework forming the " neuro- 
skeleton," being also present in these and 
j[c^v^^-'~i^>l'^ many other instances. (See Woodcut, 

iV-^ Fig. 2.) 

It is important, however, not to con- 
DERMo-sKKLirroxs OF fouud this dermo-skeleton in the verte- 
Ostrncion bicaudalia brata with the exo-skeleton in the Inverte- 

(after Owen). ^^^^^^ 

rfn. <//), rfA. dermal plates. The shells and crusts of molluscous 

n. neurapophyscs. j i • i i 

pL ploumpophysps. ^"^ crustaceous animals are unvaacmar] 

they grow by the addition of layers to their 
circumference, they may be cast off when too small for the 
growing body, and be reproduced of a larger size. When frac^ 
tured, the broken parts may be cemented together with fresh 
shell-substance, but are not unitable by the action of the 
fractured surfaces from within. 

Bone, on the contrary, is a living vascular part, growing by 
internal molecular addition and change, and having the power ; 
of repairing fracture or other injury (Owen). 

It may seem somewhat needless to recall to mind these 
(4ementary details ; but in speaking of the earliest known fossil 
Vertebrata, it mast be borne in mind that in many instances 
they are represented only by remains of their dermo-skeletons, 
tlic microscopic structure of which is frequently all that can he 
definitely relied upon to class them with the Vert«brata. 

To the late Sir Roderick Murchison is due the honour of 
having, in company with Mr. Hugh Strickland, first discovered, 
in 1837, two thin " bone-beds," each little more than one inch 
thick, and separat^^d by about fifteen feet of fossiliferous Upper , 
I^udlow rock in a cutting of the Gloucestesr and Ross railroad. 
Altliough several of the supposed fish-remains from the 

I 

i 
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liUdlow-bone-bed " — originally described by Agassiz — have 
w been referred, by M'Coy, Salter, and myself, to the class 
ustacea, there are a sufficient number of true ichthyic frag- 
^ntary-remains left, justly to entitle this bed to retain its 
imitive name. 

Many of the early discoveries of fish-remains, however, have 
be cancelled. For example, " the defensive spine of Onchua^^ 
nounced in 1847 as detected in the Bala limestone by the 
ologists of the Government Survey ; and in the same year, 
)m the upper part of the Llandeilo Flags, by Professor Sedg- 
ck, are only the tail-spines of a large species of "Pod-shrimp," 
^raiiocaris^ a >»ivalved phyllopodous crustacean, nearly related 
the living Nebalia^ but immensely larger in size. The same 
planation must be applied to Professor Phillips's " Oncftus 
lines " from the Wenlock shale, and Sedgwick's fish-remains 
om the Wenlock limestone; whilst the Sphagodua pristodonhts 

* Agassiz proves to be only a part of the foot-jaw oi Pterygotua. 

As a set-off against these fossil crustaceans having been 
curiously elevated to the rank of fishes, it is not without 
iterest to find that for 17 years the discovery of fish-remains 
f the genera Scaphaspis and Cephalaspis in Cornwall and 
Duth Devon was precluded from recognition by the decision of 
rofessor M^Coy, who determined them to be sponges I belong- 
ig to the genus Steganodictyum* 

A similar incorrect diagnosis led Professors JRcimer and 
!ner to refer the Cephalaspidean head-shields, from the Lower 
•evonian of the Eifel and of Russian Gallicia, to the genus 
rchccoteuihis among the fossil cuttle-fishes. They are now 
laced by Lankester in the genus Scaphaspis ; Sc. dupetisis of 
le Eifel being quite closely related to Sc, cornubicusy from 
[udstone Bay, South Devon ; whilst Scaphaspis Kneri is un- 
istinguishable from Scaphaspis Lloydii^ from Herefordshire 
^nkester). 

A revision of the Cephalaspidean Fishes at the present time, 
■esents us with 15 genera and about 53 species, some three of 
hich are, however, doubtful. 

To Mr. John Edward Lee, F.G.S., of Torquay, belongs the 
>nour of the discovery (in 1859j of the earliest known head- 
lield of a fish in the Lower Ludlow beds of Church Hill, 
eintwardine, Shropshire. This, the oldest known vertebrates 

• Mr. Pengelly states that he has upw^irds of 300 fragments of Pfei-asjmhit 
)m the Devonian rocks of Mudstone Bay, South Devon, which have lain 

hi« cabinet for years, having: been formerly supposed to be sponges. Yet, 
)fbre 1848, Mr. Peech, the veteran geologist, had announce I the discovery 
' fifib^remains in Cornwall, in the ** Trans. Roy. Geol. Soc. of Cornwall,*' 
dng the identical fossils which, in 1851, Prof. McCoy called Steyanodktyum j , 
id referred to the Amorphozoa. 
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animal of which traces have been met with, id represented only 
hy a very few imperfect specimens. It was described by the 
kite Mr. J. W. Salter, F.G.S., in 1859 ("Annals and Mag. Nat. 
Hist.," Vol. IV., p. 45), and more fully in Professor Lankester's 
Monograph on the " Fishes of the Old Red Sandstone " (Part I., 
1«(>7, p. 25, part II., fig. 4, " Mon. Pal. Soc.,*' Vol. XXL). 

It belongs to the Pteraspidean di- 
vision of fish-shields (for which the 
term Hetsi'ostraci^ has been proposed 
by Professor Lankester), and to that 
simplest type the genus Scajphaspifi 
(Woodcut, Fig. 3), in which the shield 
is of an oval form, and composed of a 
single piece about one inch and a half 
in length, resembling a much elon- 
gated ellipse, truncated at both ends. 
There is a small spine, or tubercle, 
near the posterior margin of the 
sliield, the outer surface of which is 
marked by coarse longitudinal striae. 
It is a very remarkable fact that not 
a trace of "osseous lacunae" have 
been detected in the heterostra- 
cous liead-shields. Externally, the 
surface, wlien wrll preserved, is covered with minute grooves and 
ridges, running parallel to, and concentrically with, one another. 
Those surface-markings (PI. I., Fig. 1, (t) may not unfittingly 
l)e compared to the markings of the epidermis on the palms of 
the hands and fingers in man and other Primates. The inner 
surface of the shield is quite smooth and polished, and exhibits no 
vascular channels, as in Cefhalaspis^ only a few irregular ridges 
diverging from the centre of the shield, or running parallel to 
\\w. margin. 

Professor Huxley has minutely described and illustrated the 
microscopic structure of this oldest-known type of Fishes.J The 
shield is composed of three layers, the outer or **' striated '' 
layer (PI. 1., Figs. 1 and 2, a, a), the middle or " cancellated" 
(<V>. 6, b\ the inner or " nacreous'' layer {ib. c, c). This inner 
nacreous layer is made up of laminae of about -43^77^^^ ^^ ^^ 
inch, arranged horizontally, and is totally devoid of vascular 



DIAGRAM OF THK SHIKl D OF 

Sdipfumpiif (uftiT Ljinkfstfr). 

r. rofitrum, op rostnil ri'^ioii. 
r/. contrul disc, onliso.il region. 
«. iMwtcrior sj)ine. 



• For the ust» of this and nine other ilhistrations of the grenera of Cephal- 
aspidean Fishes in this papt r, the author i» indebted to the kindness of the 
Kev. T. Wiltshu^, Sec. (t . S., Hon. Sec. Pal. Soc. ; they illustrate Prof. 
liBnkesterV Monojrraph in the Vols, of the Pal. Soc. for 1807 and 1809. 

t From €T€pos of another kind, and SarpaKov a shell or demial bone. 

; •* Quart. Joum. Geol. Soc." 1868, Vol. xiv. p. 207. Plates xiv. and xv. 
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canals or tubules, save where a caDal of some size passes from 
its aperture upwards into the walls of the next layer. 

In some cases these canals appear to open from the poly- 
gonal cavities of the middle layer ; in other cases, they come 
iirectly from their apertures on the inner surface of the sliield. 
[n the upper wall of the stratum of polygonal cavities, the 
(ranals take a horizontal direction, still very few in number, and 
of large size, receiving here branches from the cavities. The 
calcareous laminae are here arranged horizontally. If the section 
has been made transverse to the surface ridges, these appear as 
?o many papilliform processes ; or if along one of the ridges, a 
continuous horizontal layer is exhibited. Into this layer, or 
into these papillae, the horizontal canals send short branches 
[one to each papilla), which give off minute tubules in every 
direction ; these arborescent tufts (PI. I., Fig. 3, r) correspond to 
the vascular bushes seen, under the microscope, in the external 
layer of CephalcMpis, The laminated material is arranged 
round these tufts concentrically, the finer branches traversing it 
much in the same way as dentinal tubules traverse dentine. 
Indeed, each of the sections of the ridges recalls very strongly 
the structure of a tooth, or of a dermal defence of a placoid 
fish. There is no trace of a '' ganoin " layer beyond the 
laminated material forming the ridges ; nor can any such layer 
be detected with the microscope. 

The characteristic structure of these shields appears to be — 
the absence of bone-lacunae, the paucity of vascular canals, and 
the excavation of the mid layer of the shield into large vascular 
sinuses (PI. I., Figs. 1-.3, 6). It was the exposure of the inner 
" cancellated " layer, by the decortication of the outer " striated 
layer," which led Professors Kner and Romer to regard the 
pteraspidean shields from Russian Gallicia and from the Eifel 
as the remains of cuttle-bones. 

After his examination of the structure of Pternspis^ Professor 
Huxley remarks* : — " No one can, I think, hesitate in placing 
Pteraspis among Fishes. So far from its structure having ' no 
parallel among fishes,' it has absolutely no parallel in any other 
division of the animal kingdom. I have never seen any mo)lus- 
ean or crustacean structure with which it could be for a moment 
confounded." 

It must be borne in mind, in connection with this question, 
that no indication whatever of an internal bony skeleton, be- 
longing to these fishes, has been found ; and althougli in the 
other division, the Oateostrcvcl^ — represented by the genus 

• " Qaert. Journ. Geol. Soc." 1858, Vol. xiv. p. 277. 
t From otrriov bone, and oarpoKov a shell or dermal bone ; becaiLse in 
this division the shell displays true bone-lacunae as well as vascular tubuli. 
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Cepti/jUaspis — we shall see that specimens have been found 
showing the entire body, they prove, though only by n^;ative 
evidence, that such a structure did not exist* 

This oldest form of fish is widely spread; specimens of 
Sdphjuqjis haWng been obtained from Upper Silurian and 
ljff¥ttht Devonian rocks in Gallicia, Russia; from the Lower 
I>ev^;nian, Eifel ; from the Lower Devonian, Sludstone Bay, S. 
Devon ; from Polperro, Cornwall ; from the Lower and Upper 
Ludlow, the Downton sandstone, and the Lower Old Sed 
.Sandfjt^jne of Worcester, Hereford, and Shropshire ; and from 
the Old Ked of Forfarshire, Scotland. In all seven species have 
Wm deftcriWl and figured. 

Fig. 5. 



o 
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DfAOUAM (»r THK MIIKLD OF 

('//af/iiitt/iijf (iilt<T Jjaiikester). 

o. orhitM. e. coniuft. 
d. r. n. UM in Kij(. 3 of Scaphaspis. 



DIAGRAM OF THK SHIELD OF^ 

IHeraspis (aft«r Lankester). 
(Letters as in Figs. 3 and 4). 



Although the Hhield in Cf/aihaspis (Woodcut, Fig. 4), is as 
Hiiiiph' iti outline; as in Scaplutspls^ yet it betrays a tendency 
tiiwJirdH a inon; complex structure, being divided by sutures 
into a frontal or "rostral" portion, two lateral pieces (called 
*'cornua") ari'l a <'(;ntral or "discal" region. It is represented 
by two Hpcci<'H only, from the Downton sandstone, and the 
Lowrr Old Kcd (or " ('ornstones '') of Herefordshire. 

A n<*w gonus, named Holaspis^ represented by a head-shield 
wiMniut Huiun^s, from the Lower Old Red (" Comstones ") of 
AlMTgavenny. iMonmouthsliire, has lately been described and 
figured,* but although considered by Professor Lankester to be 



• " Geol. Mag." 1h7o, vol. x. p. 241, plate x. 
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near to Scaphdspis, its outline and profile* are niore like those 
of Pteraspis. 

Pteraapis (Woodcut, Fig. 5), is the last and most highly 
developed of the Heterostracous fish-shields. 

The shield is much more pointed than the other forms, re- 
sembling a javelin-head in shape, and is divisible by sutures 
into seven parts. The dorsal spine is strongly developed, and 
the small marginal orbits (o, o,) are distinctly visible. The 
palm-like wrinklings upon the surface are not unfrequently 
beautifully preserved. 

Pteraspis has only three species, but they are found in 
Monmouthshire, in Shropshire, at Malvern, Worcestershire, in 
Herefordshire, and in Forfarshire, Scotland ; all in the Lower 
Old Eed Sandstone formation. 

Professor Schmidt, of St. Petersburg, has described another 
Bussian form, under the name of the Tremataspia^ but we have 
not yet seen its figure or description. 

Of the Osteostracous forms of head-shields that best known 
to palaeontologists is the genus Cephaldspis (PI. I., Fig. 4), 
established by Agassiz in his great work in 1 835.t In this 
genus the posterior angles of the shield-shaped helmet are pro- 
duced backwards in a pointed form, giving to the head the out- 
line of a " saddler's knife " — " a tool with a crescent-shaped 
blade, and the handle fixed tranversely in its concave side. In 
general outline the Cephalaapis resembled this tool, the cres- 
cent-shaped blade representing the head, the transverse handle, 
the body. The head compared with the body was of great size, 
comprising nearly one-third of the creature's entire length. In 
the centre, and placed closely together, as in many of the flat 
fishes, were the eyes."J The fins consisted of two pectoral fins 
of very peculiar form and character (PI. I., Fig. 4, p)^ a 
dorsal fin (d), placed very far back on the body, and a caudal 
fin, the rays of which are all placed infeiiorly to the extremity 
of the body (c). 

The pectoral fins have no trace of fin-rays or scales : they are 
simply ellipsoidal expanses, with some calcareous matter in their 
structure which has caused their preservation. 

The body, which was triangular in form, was protected by four 
principal rows of imbricated rhomboidal scales, with a lower 
marginal row and probably eight rows of small ventral scales ; 
the bony structure of these scales accords with that of the head- 
shield. The scales break up, and become smaller and mucli 

• " Geol. Mag." 1873, Vol. x. p. 331 (woodcut). 

t " PoissoDB Fossiles du Vieux Gr^ Rouge, ou Syst^me Ddvonien: Xeuf- 
chatel." Folio plates, 4to. text ; Vol. ii. 1836, p. 149. 
t Hugh Miller, "The Old Red SandstoDe/' 1847, p. 172. 
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more numerous as they reach the donat fin, and recede thence to 
the slender extreniity of the body. 

" Id but few of the specimens," writes Professor Huxley,* 
" which I have had the opportunity of observing, has the ex- 
ternal surface of the cephalic sbiehl been well exhibited, or 
preserved over any considerable surface. 
^''°- ^- Where best shown it is somewhat un- 

t^ven, and presents that curious appa- 
rent division into polygonal (usually 
.hexagonal) areee which has Iieen de- 
scribed by Professor Agassiz (Woodcut, 
Fig. 6). On examining tlie apparent 
sutures closely, however, they have not 
presented to my observation precisely 
the appearance figured by him. They 
appear rather as if short, delicate, red- 
dish brown lines had been ruled across 
^/«^« M„rchi«;,i infttr ^jjg jj^g ^f junction of the sides of the 
dm meters. hexagons, for some way towards the 

centre of each hexagon ; and these lines 
ure BO gently convergent as to seem nearly parallel. Ntstlher 
do I remember to have met with such strongly marked central 
elevations as those represented in the figure cit«d." 

Having carefully examined numerous recent specimens of 





r-plated fisheB, I was much struck by the foregoing 
ob:<ervation of Professor Huxley; as not only applicable to 
OpkalaapU, but to the dermal armour of the entire body of 
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Ostraclon (PI. II., Fig. 3, Ostracimi bicaudalisy West Indies), 
drawn for comparison from a specimen in the British Museum. 
From the structure and form of these head-shields, and the 
different position of the eyes in some of them, Professor 
Lankester has divided the genus CephfUaspis into three sub- 
jjeneric types, namely: — Eucephala»pis (Woodcut, Fig. 7), 
HemUydaspia (Woodcut, Fig. 8), and Zencutpia. 

Fia. 8. 




OUTLINE OF HRAD SHIELD OP Hewici/clajtpis Murchisoni^ eokrtox 

(after Ltinkester). 

Eucephalaapia includes the celebrated specimen named by 
Agassiz after Sir Charles Lyell, in which the form of the body 
is very well preserved (see restoration, Plate I., Fig. 4). 

Other species {E. Powri^i and E. Pagei) have been added by 
I^nkester ; also showing the general form of the body, with the 
pectoral, dorsal and caudal fins ; and the actucd scales, which, in 
E, Lyellij are not preserved. Hemicyclaapia Mitrchiaoai best 
shows that very peculiar polygonal division of the surface of the 
carapace (Woodcut, Fig. 6), which Professor Huxley has called 
attention to {ante p. 10). This peculiar ornamentation is not 
ahvays preseot, other head-shields being ornamented by tubercles 
of various forms and sizes. (See Woodcuts, Figs. 7a, 9, and 10a.) 

The largest of these buckler- headed fishes belongs to the 
genus Zenaapia^ a head-shield having been obtained by Mr. 
John Edward I^e, F.G.S., from the " Cornstones " (Lower Old 
Red Sandstone) of Herefordshire, measuring 7 inches by 7 
inches. 

A characteristic example of CephaUwpts^ discovered by Prin- 
cipal Dawson, of Montreal, in the Devonian sandstones of Gaspe 
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rorruiB acictcs nrmnr. 



B«7, Caiiftibi, bae W*i> <li3critv<[. and nained after it§ discoTCTer. 
tiv Professor Luikr«ter, id i1>e Geological Msgazioe for 11)70, 
p^ 397, ra that (his tmrions jrenos miut now be TPgarded «• 
commonto North ■\inerica »» well n« i.> Britain. ( Wuoclcat, Fi^jK.) | 




An exceedingly narrow bead-shield with etiormouslydevel 
lateral home, from the l>ownton Sandstone (Upper Sihiriail) 
Lmllow, is named Eukeraepis (Woodcut, Fig. 10). The niitor 
Ijorder of the shield in this Bjieeies is furniahed with irregnliir 
marginal spines of various length. 

Twoother British Osteostracousfish-shieldshave been described. 
Oneof these, JwcAawas'/'is (Woodcuts, Figs. 11 aud 12) isrepre- 
spntcd by two snaall shields {named A. 5ciT/mand A.h'gert^mi); 
they are divided transversely into two parts: the anterior semi- 
cirenlar and bearing the eyes, the posterior pail oblong and much 
uninller. The other, named Didyvtaspis, represented by a single 
n^ifcinien {D. Griitdi-odi) is divided like the preceding, but the 
nntmor part Ih without prominent comua (Wonduut, Fig. 13), 
Land nearly oval in outline. The former {AudtenaKpia) occuib 
" Tilestonea " and Paswigc-beda at Ijfdbiiry and Ludlow ; 
Didymai^iit) i» found in the Old Ked Sandstone of 
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Since tbe researches into the Fossila of the Old Red kSandstone 
first began in this country, probably no name haa become more 
familiar to geologists and general readers than that of Hugh 







I j-jfaaaoa 3 a.» 



-samLD OF Eukeraipii pui(ul{/entt, laAssn. 
. morginaL cavides ; pe. past orbital valley ; 



Miller,* the self-tai^ht naturalist, author, and stone-mason of 
Cromarty, whose whole career is replete with life-studies illus- 
trative of that patient indomitable courage, which never looks 




vi'i, II. jKC^MOfpw .<!ofteW(Ej;crton). 
,. 12. A. Eqertom (Lnnkrl, 
„ 13. Didymatpis Grindradi. Lankr. {aflcr Liiikca 



• Sec "The Old Red Snn(isloDe,orNew Walks iu an Old Field,"3rd edit, 
li*47. "Footprinta of the Creator, or tlie jl«(eJu/'7H<of ytromo«ss,"lst edit. 
id41>. " The Cruiae of the Betsey, or a Summer Ramble amonf^ the Fussili- 
fsiuiia Depouta of the Ilehridea." 
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upon any aim as unattainable that may be won by steady 
honest perseverance. It is especially with reference to his dis- 
coveries of those strange armoiur-plated fishes in the^e Scf»ttish 
deposits that his name deserves to occupy a prominent place in 
the present article. 

One of the most remarkable of Hugh Miller's discoveries was 
that of the Pteri^hthya^ obtained in 1831, but only made known 
in 1838, and named by Agassiz, at the Glasgow Meeting of the 
British Association in 1840, PtericIUhys Milleri. (PI. I., Fig. 5.) 

" When first brought to light by the single blow of a 
hammer, there appeared on a ground of light-coloured lime- 
stone the effigy of a creature, fashioned apparently out of jet, 
with a body covered with plates, two powerful-looking arms, 
articulated at the shoulders, a head as entirely lost in the trunk 
as that of the ray (or skate), and a long angular tail, equal in 
length to a third of the entire figure."* 

A glance at our illustration forcibly reminds one of a man 
in a diver's dress with its windowed helmet, or of that quaint 
costume of pajjier'Vuu'he and metal-work, regularly worn by 
the Japanese night-watch only fifteen years ago If 

The head and the fore part of the body are defended by 
plates of hard l)one, coated with enamel (thence called " ganoid 
plates ") ; those of the trunk forming a buckler, compost of a 
back-plate and breast-plate, articulated together at the sides. 
The rest of the body was defended by small enamelled bony 
scales, thus giving it, like the old scale-armour, at once strength 
and flexibility. The fish had a small back fin, and a terminal 
heterocercal tail-fin; but these are very rarely displayed in fossil 
specimens. The pectoral spines, c, cr, are also formed of the 
same ganoid material, like the buckler. The armour of the 
head, or helmet, appears to have been articulated by a movable 
joint to the trunk-buckler. 

The pectoral spines consist of two principal joints or seg- 
ments, l)oth defended by finely tuberculated ganoid plates, like 
those of the head and trunk. From their form they would 
seem to have served to aid the fish in shuffling along over the 
sandy bottom or bed of an estuary if left dry at low water. 
The fins attached to the flexible part of the body indicate a certiiin 
power of swiujming, though not with any great rapidity ; they 
include a small dorsal and a pair of ventrals ; these latter were 
first observed by Sir Philip Grey-Egerton. The jaws are small, 
and are armed with confluent denticles. (Owen.) 

• .See •• Life of Hugh Miller.*' By Sir David Brewster. 

t Now only to be seen in Museums or in private collections of arms and 
armour. One is just now for sale, at Wright s, 00 Great Russell fcStreet, 
being part of the Whitwortb collection of armour. 
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We come next to the genas Coccosteus^ of Agassiz, in which, 
as in Pterichthys^ already noticed, the dermal armatiire was 
composed of nmnerous plates, soldered together at their sutm-es, 
like *' trusty knight in armour dight" — furnished with both 
back and breast-plate well rivetted together. 

The external surface of these bony buckler plates in Coccos" 
tens is ornamented with small hemispherical tubercles; from 
this fact the generic name, signifying " berry-bone," is derived. 
The similarity of this ornamentation to that of the plates of the 
buckler in some tortoises led to the belief, when these coccosteal 
plates were first discovered, that they were evidence of the pre- 
sJence of Chelonians in the Devonian beds. They have even been 
regarded at one time as parts of some crustacean carapace. 

Alluding to Pander's restoration (PI. II., Fig. 1), Professor 
Owen remarks :t " If a heterocercal fin were added to the restora- 
tion, a correct idea would be given of the Old Red fossil, which, 
in the progress of its construction, has suggested such diverse 
notions of its nature and affinities. 

*' The helmet and cuirass are firmly united, and there is no 
trace of the jointed appendages, like pectoral fins, which 
characterize Pterirhthya (PL I., Fig. 5, c, c). The unprotected 
part of the trunk shows an ossification of the neural and hsemal 
gpines {n and A), and of their appendages, the rays of the 
* dorsal ' and * anal ' fin (d and a) ; and by the analogy of 
CephcUa8pis(V\. I., Fig. 4), the tail was most probably terminated 
by an unequal-lobed fin (c). The lower jaw is composed of two 
rami, loosely connected at the symphysis ; so that being displaced 
and crushed in fossil specimens, they gave rise to the notion of 
the fish being provided with laterally-moving jaws, like those of 
the lobster. But the lower jaw worked vertically upon a fixed 
upper one ; both jaws being provided with from ten to twelve 
teeth on each side, anchylosed to the bone." 

The blank space (ch) seen in fossil specimens, between the 
neural (n) and haemal (h) spines, indicates the position of the 
soft *' notochord " which has been dissolved away. The cylin- 
drical gelatinous body, so-called (in Latin chorda daraaiis)^ 
exists before the formation of the bony bodies, or centra^ of the 
vertebrae in all vertebrate animals : and the development of 
those bodies seems never to have gone beyond this embryonal 
phase in any palaeozoic fish. Hence they have been called 
" notochordaJ " fish, on account of their retaining the noto- 
chord. (Owen.) 

* 8o called from kokkos a berry, and 6<Tr€6v bone^ in allusion to the 
surface of the plates being everywhere cohered with smoU berry-like 
tubercle^ {See Woodcut, Fig. \0a, JSukeraspiSf but which conveys a pool 
i<lf« of th«* surface ornamentation of Coccosteus.) 

t " PaliBontology," p. 146. 
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Closely allied to Agassiz's genus Goccoateua — if not probably 
identical with the great Cromarty fish discovered by Hugh 
Miller, but of far more gigantic proportions — is the great Placo- 
derm described by Professor Newberry* from the Upper Devonian 
Black Shales of Delaware, Ohio. 

This enormous armour-plated fish, for which the name 
Dlnichthys has been proposed, deserves the same distinction 
among fishes as the Dinosaurians among Beptiles, and the 
Dlnornia among birds. 

Fig. 14. 





1. ANTRRioB ASPECT OF HBAD OF Dinichthys HerzcH (Jth natural size). 

2. MANDIBLE OF SAME (|th iiatural size). 

Most of the bones obtained belonged to the head, which was 
about three feet in breadth and nearly three inches in thickness, 
being strengthened at the occiput with internal ridges. The jaws 
were each two feet in length. The external siuface of the bony 
plates is ornamented with very fine vermicular markings. The 
body is estimated to have been about 15 feet in length. 

The anterior pait was protected, as in Coccosteus, by huge 
dorsal and ventral shields ; and from the absence of scales, it 

♦ State Reports, " Palaeontology of Ohio," Vol. ii. " Geol. Ma^." 1868, 
Vol. v. p. 184, and 1877, Decade ii. Vol. iv. p. 213. 
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seems probable that the rest of the body was only covered with 
a tough skin. Like the modem sheat-fish of the Ganges, 
it may have protected itself by burrowing in the mud and 
watching for its prey, with only its mail-clad parts exposed. 

The powerful dentition of Dvaickthya is suggestive of its 
carnivorous habits ; and being so heavily weighted by the thick 
shields encasing its vital organs, it would be compelled to obtain 
food rather by cimning than by swift pursuit. These heavily 
armed Placoderms had only a comparatively short range in 
time, remains of the group being found only in the Upper 
Silurian and Devonian rocks. Thus it seems, as though unable 
to cope in the struggle for existence with the lighter armed and 
more active race of ganoids which predominated in the Devonian 
waters, they died out, leaving no immediate descendants.* 

DinichthySy like Coccosteua, appears to have had an unossi- 
fied notochord. 

But besides the "Lancelot" (AmphioxiLa) — the most lowly 
organized of existing vertebrates — ^three genera, belonging to 
the highest order of fishes — ^the Dipnoi (or double-breathers)— 
living at the present day, all exhibit the same embryonal struc- 
ture in the adult state, namely, the Lepidoai/ren found in the 
Amazons, South America, the Protcpterus of the A&ican 
rivers, and the Ceratodua (Plate II., Fig. 2) of the Australian 
rivers. 

These remarkable fishes have the swim-bladder modified 
into true internal lungs, whilst they retain internal branchise, so 
that they are capable of existing either in the water or on land. 
During the rainy season, large rivers like the Amazons and the 
Gambia are subject to overflow, whilst those of the Australian 
continent are not only liable to overflow, but are subject to 
long continued periods of drought, during which the waters 
sink so low that the beds of the rivers are frequently dry, 
and water is only found in deep hollows (* waterholes ') or in 
muddy pools. The ProUyptema and Lepidoairen bury them- 
selves in the mud, and breathe by means of their lungs 
until the return of the rainy season sets them free once 
more to pursue an aquatic existence. The Ceratodriay if 
imable entirely to subsist without water, can nevertheless 
live in water so muddy as to be unfit for branchial re- 
spiration, and to come to the surface and breathe air direct 
by means of its modified swim-bladder. But Dr. Giintherf 

• A. Crane, "Geol. Maf?.'' 1877, Vol. iv. p. 214. 

t ^ Description of Ceratodus, a G^nus of G^oid Fishes, recently dis- 
coTered in the Eiyers of Queensland, Australia." By Dr. A. Giinther 
r.RS. "Phil. Trans;* 1871. Part H. p. 611. 

KliW SSBDSS, VOL. H. — NO. V. C 
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is of Opinion that Oerat^dua is not adapted to quit the wat^: 
entirely, the limbs being much too flexible to support bo heav; 
and nnwieldy a body, and too feeble to be of much use in loco 
motion on land. 

Ceratodus belongs to a most ancient order of fishes, and i 
represented in the Oolitic and Rhaetio beds, and in the Tria 
and Goal-measures, by fossil teeth almost identical vith thoH 
of the liring Australian lump-fish. 

Whilst dwelling on the persistence of embryonic characters ii 
the adult, it is interesting to observe that in an extinct grou] 
of homocercal fish of the family Caturidte, (Woodcut, Fig. 15 
characteristic of the Oolitic and Liassic periods,* all thes] 
are homocercal and notochoTilal. 




CalvTvt fHTcatm, oOLrra, soi-BmontK (sfUr Oven). 
p. pectoral ; r. ventral; a, ftnal ; i. daranl ; c. candol fln. 

We have already pointed out that in the earliest shielf 
bearing fossil fishes of the Upper Silurian epoch, the Cepba 
aspidce (Placo-Ganoidei), there is no evidence whatever 
show that they possessed any internal skeleton. They probabl 
represented a group of fishes in which not only was the nob 
chord persistent, but the neural and hoemal processes were alili 
wanting, as in ArtvphioTMa^X 

In the Chondrostei, represented at the present day by tl 
Sturgeon {Acvpoisffr), the notochord is persistent, whilst 
formation of the arches and their appendages does not ] 
b^ond the cartilaginous stage. The head is covered 
" ganoid " plates, joined by sutures, whilst detached bon 
plates occur in rows along the body. (See Plate I., Fig. 6 



' Cattail* limilit, Apftsaiz, from the Ohalk of Lewee, is a n 
of a jaw, to the delermiuatdoD of which na importascu need bo attached. 

t For penrneeioD to use this tigure (reproduced &om Prof. Owa 
' P(t!(eontoli>)ir7.' p. 163), we are indebted to thekindneM of Messrs. A. A 
Bl&cb, Edinburgh. 

I Or the neural processes may have had a. ridinieotftry development, as 
iii^i—-nrfn (Pelrotnjf ton); Idsmpobraucbii. 
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geaus Ckondrosteua carries tbia type back as far aa the I 
Lias period. 

In tbe Placodermi, represented by Dinichihi/a, Coccoaieua^ . 
and Ptericktkys, we have a somewhat further advance m the 
osaificatioQ of the neural and hKmal spines and of tbe appcn- 
dagee of the rays of a " dorsal," " anal," and caudal fin, the 
head and anterior portion of the trunk being, at the same time, 
encased in dermal bony platen. 

Tbe cartilaginous heterocercal-tailed sharks,' with partially 
oasified endoskeleton, and a covering of skin, toughened 
with shagreen, tubercles, and spines, belong to an ancient 
tribe of fishes whose progenitors probably date back to Upper 
Silurian times. 

The bony pikef {Le'pidosteiis) of the American rivers, and 
tbe PolyiiterusX of the Nile and Senegal, are the best living 
exemplifications of the old bony-scaled ganoids — fishes clad in a 
complete suit of enamelled armour, which, beginning with 
OMtfolejna in tbe Devonian, attained their maximum development 
io Mesozoic times. The vertebral column in Lepidoateus is more 
perfectly ossified than in any other fish, the vertebrae are re- 
markable as being opisthoccelian in type (hollow behind, convex 
in front). 

The thin-scaled homocercal Caturidaa (see woodcut. Fig. 15), 
with well ossified head-plates, neiiral and h^raal appendages, 
and fin-rays, but with persistent notochord, seem to mark the 
incoming of our modem form of fishes.^ 

In the Cretaceous formation the Teleostian, or well ossified 
bony fishes, are numerous, and also fishes with flexible 
" cycloid " and " ctenoid " scales. The order Teleostei includes 
the majority of existing fishes, as well as those which made 
their appearance in Tertiary times. 

Concerning the last and highest group of which we have 
spoken — the Protopteri of Owen, or Dipnoi of Miiller — we 
venture to think a strong case might be established for remov- 
ing these anomalous forms across the border-line of the class 
Finhee, and placing them with the Amphibia. 

There is no tendency, either in Lepidosiren, or in Ceratodua, 
to produce those unpaired fins (" dorsal " and " anal "), or the 

" Viagiottomi (Miiller) = EIa»mc6ruiKJiu {Bonnparte). 

t Lepidoganoidei, sub-ord. Lrjridoileidis (bony-scBled). 

t Ltjiiiioganoidei, aub-ord. Crotoplerygidm (fringe-fimiBd). 

{ " Ojctoid ~ fiali scales wera nolJced by Mr. C. B, RoEe,F.G.S., io tbe Eim- 
meridge ckj, Ely, and in Norfolk; otliera bavt> been noticed by Mr. W. 
DBvieB, F.G.S., ia the British Mtueum, from tbe same locality. See " Owl. 
Mug. 1864. Vol. L pp. 02-94. 
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paired ^' branchial '' fins, so characteristic of true fishes, but 
only those pairs of locomotory organs which are homologous with 
the limbs of higher vertebrate animals, namely, the " pectoral" 
and " ventral " fins. 

Even in the CrossopterygidsB {Osteolepisy &c., and Polyp- 
terua), which present some affinities with Ceratodus, dorsal and 
anal fins are present. The double air-bladder of Polypterus 
only approximates to the reptilian-like lungs of Geratodus 
and Lepidoairen. It is worthy of remark that Professor Owen, 
whilst retaining the Protopteri with the Fishes, prints against 
the order the significant word " (^Tran»itionaV^).* 

Dr. Melville, who devoted careful attention to Lepidosiren 
annectena, in 1847,t regarded it as a tme Amphibian. For this 
conclusion he relied on the absence of the supra- occipital bone, 
the presence of the large epi- and basi-cranial bones, the non- 
development of the maxillary and inter-maxillary bones, and 
especially the enormous development of the Wemerian bones, 
which become subservient to mastication and are anchylosed to 
the expanded pterygoids ; on the nostrils being double ; on the 
existence during the adult condition of external cutaneous 
gills which do not occur in any fish; and on the coexistence 
of external and internal gills, with lungs : in other words, on 
its exhibiting the different modes of circulation, respiration, 
&c., observable in the second stage of the larva of the frog, 
and in Ampki/iima or Menopoma^ &c. 

In the Amphibia of the order Labyrinthodontia, of the 
Upper Coal period, one genus at least, Archegosaurua (though 
probably there are others besides), has the notochord per- 
sistent, the vertebral arches and peripheral elements only 
being ossified: it is covered with small narrow sub-ganoid 
scales, and there are traces of branchial arches. The skull in 
its combined dermo-neural ossification resembles that of the 
Sturgeon and of Polypterus^ &c. (Owen.) 

In the Amphibia of the order Ophiomorpha, branchial 
clefts and rudimentary branchial filaments have been observed. 
These strange snake-like amphibians have transverse rows of 
*' cycloid " scales imbedded in their integument. When adult 
respiration is carried on by lungs ; the vertebraB are amphin 
ccelian^t a character common to most fishes and to some 
reptiles. 

Eeferring to the Amphibia, Professor Huxley observes, they 
** are distinguished from the Sauropaida and Mammalia by very 

* Owen, *' Oomp. Anat Verteb." 1866, VoL i. p. 14. 

t A. Q. Melville, on the Lepidoairen, in Report of Brit Assoc. Adv. 
So. 17th Meeting, 1847, Transact. Sect. p. 78. 

X Hollow at both ends. 
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important and sharply defined characters. . . . From Pisces^ 
on the other hand^ they are distinguishable only by the charac- 
ters of their locomotive apparatus. When they possess median 
fins and limbs, these never present fin-rays, and the limbs 
exhibit, in fuU devdopvientj the type of structure which 
obtains among the Sauropsida and Mammalia, and differ 
very widely from the fins of any fish at present known."* 

He adds : f " With respect to the origin of the Amphibian 
stock itself, the following considerations appear to be of funda- 
mental importance : — The early stages of development of the 
Amphiina do not resemble those of any known ganoid, teleo- 
stean, or elasmobranch fish, and are similar to the correspond- 
ing stages of the Marsipobranchii, Mpdnej PetromyzonJ^ 
^^ The skull of the tadpole has much in common with that of 
Ckimcera and with that of the Dipnoi, Ceratodvs, Lepido- 
Hren.^^ " The only Vertebrata, besides Amphibia, which have 
transitory external gills, are the Elasm/jhranchii {Squalidce, 
Raiidce, CkimcBridcB), the Dipnoi, and perhaps some ganoids." 
•* The only fishes which possess morphological {Polypterua) or 
functional {Dipnoi) lungs are the ganoids and DipnoiJ*^ " The 
conclusions suggested by these facts appear to be that the 
Amphibia took their origin from some primordial form common 
to them, the Elasmohra/achii, the Oanoidei, and the Dipnoi, 
and that the main distinction by which their earliest forms 
were marked off from those of the other groups was the develop- 
ment of that pentadactyle type of limb which is common to all 
the higher VertebrataJ'^ ^' And seeing that the elasmobranch, 
ganoid, and dipnoous types were fully differentiated from one 
another in the Devonian epoch, it is reasonable to believe that 
the existence of the Amphibia as a group dates back at least 
as far as that remote period of the earth's history." 

As bearing upon this subject it is interesting to notice that 
among the remarkable assemblage of Eeptilia from South 
Africa, lately described by Professor Owen, is a Dinosaurian 
Reptile {Tapinocephalus Atherstani) in which my colleague 
Mr. Davies detected the curious fact that the vertebrae, like 
some fishes, have an amphicoelous form, being almost noto- 
chordal within, owing to the imperfect ossification of their 
centra. 

If the suggestions contained in the foregoing pages, as to the 
persistent notochord in early vertebrates, be of any genealogical 
>r morphological value, then it may serve to indicate the 
earliest forms in each group, and even their relative develop- 
nent. 

• " Encyclopaedia Britannica," article Amphibia^ Vol. i. 1876, p. 760. 
t Op. cit. p. 770. 
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Thus we should have the following modifications in Pisces*: — 

r Notochordal — destitute of endo- or exoskeleton ; respi- 
f ProUMimpkiaxuB, \ ntory and alimentair system rudimentary — ^resem- 

t bling the Tumcata, No fosal type known. 

(Firstfiakes actually known), 

{Notochordal— endoskeleton absent (or rudimentary ?) ; 
exoskeleton in the form of bony head-shield and, 
in some, dermal scutes. 

r Notochordal — peripheral processes of endoskeleton 
Plaeodermi, J (and fin-rays) ossified; exoskeleton well developed 

1^ anteriorly, both on dorsal and ventral surface. 

r Notochordal — ^peripheral endoskeleton cartilaginous, 
Chondrostd, i rudimentary ; head covered by dermal plates — scutes 

1^ in rows on oody. 

{Notochordal — ^peripheral endoskeleton partly ossified; 
dermo-cranial bones, coated with enamel; scales 
rhomboidal or cycloidal ; tins lobate, paired, central 
axis of fin covered with scales ; air-bladder double- 
celled, in some the walls are ossified. 

LeoidoKteida I ^®^^hral skeleton, perfectly oagi/ied; exoskeleton a 

"^f^^ ' \ complete suit of enamelled bony plates and scales. 

Plaaiogtomi or f ^^^^ — partly ossified, partly cartilaginous; endo- 
T^^a^!^.^^!,^' ■! skeleton chiefly cartilaginous ; skin roughened with 
•^'«""**'^*'^- 1 shagreen, tuberele8,anl8pinM. 

[Incoming of thin-scaled fishea), 

r Notochordal — neural and haemal processes well de- 
Caturida, -I veloped ; head with ganoid covering ; body covered 

[ with thin scales. 

(Modem JUhes), 

7»j^. . T Endoskeleton well ossified ; dermal covering con- 

1 eMmet. ^ ^.^^ ^^ ^j^ ,, cycloid," or « ctenoid," scales. 

(IVanniional forms, or possibly Amphibia!) 

(Notochordal — neural and hsemal processes ossified: 
only two pectoral and two ventral fins; dermal 
covering of cycloidal scales; functional internal 
branchiee and well developed internal lungs. 



EXPLANATION OF PLATE I. 

Fig. 1. A portion of the test of Scaphaspis Lloydii ; considerably enlarged, 
to show the form of the surface-ridges and the coarser struc- 
ture of the lower layers of the shield. The piece is from near 
the centre of the shield. Observe the flatness of the ridges 
a - the outer, or ' striated * layer ; 6 - the middle, or * can- 
ceUated' layer; c«the inner, or * nacreous' layer (after 
Lankester). 

* These cannot be deemed to be placed in their proper classificatory order, 
but only to show the gradations of skeletal development. 



OK SOMB ABMOUBBD FISHBS. 23 

Fie. 2. A firagment of Fteratpit rogtratut showing well the 'cancellated 
layer ' (5) with its polygonal cavities, the letters correspond 
with those of Fig. 1. 

Fie. 3. Microscopic structure of shield of PteratpU rostratua — a section 
cut parallel to the ridges. The vascular tufts and their connec- 
tion with the polygonal cavities (6) are well seen (Lankester). 

Fie. 4. Bestoration of Eucephtdatpis Lydli (after Lankester). p » pec- 
toral; d a dorsal; e ■■ caudal fins. 

Fie. 5. Bestoration of Pterichthys MiUeri, Ag. Old Bed Sandstone, 
Oromartj (after Pander) ; Cy c, the pectoral fins. 

Fie. 6. Diagram figure of the Dermo-skeleton of the Sturgeon's head 
{Ac^ieTuer sturio), after Owen ; ch « the perdstent notochord. 

EXPLANATION OF PLATE H. 

Fie. 1. Bestoration of Coccosteus decipiem, Old Bed Sandstone, Bussia 

(after Pander) ; cA the undivided notochord ; n « neural spines ; 

h B hffimal spines ; d » dorsal ; a « anal fin-rays ; c « the 

caudal fin. 
Fie. 2. Ceratodui Forsteri, a living Dipnoid fish found in the rivers of 

Queensland, Australia (after Gunther). 
Fie. 3. Os^acton6tcaiM2a/w (the Trunk-fish), West Lidies. Drawn from a 

specimen in the Zoological Gallery, British Museum. 
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THE OLD AND THE NEW CHEMISTRY, 
By M. M. PATTISON MUIR, F.R.S.E. 



»o» 



THERE have recently appeared in the Comptes Rend/uSy and 
in the Archives des Sciences physiques et naturelles^ a 
Series of communications by Wurtz, Berthelot, and Marignae 
upon the merits of the two systems of chemical notation t^ed 
respectively upon the use of equivalents, and upon that of 
atomic weights. 

The echoes of the old strife, once so fiercely waged by tlie 
opposing schools, have almost died away in this country ; is it 
not possible that the lessons which the history of the warfare is 
fitted to teach are also beginning to be forgotten by the 
chemists of to-day ? 

Let us briefly glance backward at the page of chemical history 
which tells of the conflict of the atomists and the upholders of 
an equivalent notation. 

Until the time of Black, Cavendish, Priestley, Lavoisier and 
his associates, chemistry can scarcely be called an exact science. 
Many experiments had been performed by the older chemists, 
and many facts had been amassed ; but their experiments were 
for the most part vague, and their facts inexact. 

The rise of quantitative chemistry necessitated the adoption 
of a quantitative notation. 

In 1777 Wenzel determined, with very considerable accuracy, 
the amounts of potash and of lime which were required to 
neutralize given quantities of sulphuric and of nitric acid. He 
found that 123 parts of lime and 222 parts of potash severally 
neutralized 240 parts of nitric acid and 18 15 parts of sulphuric 
acid. Hence arose the idea of equivalency. So far as their 
power of neutralizing sulphuric or nitric acid was concerned, 
123 parts of lime were equivalent to 222 parts of potash. 

Passing over a period of about fifty years — a period fraught 
with all-important issues in chemical science — we find the idea 
of equivalency coming into general favour among chemists. 
The researches of Lavoisier, of Cavendish, of Berzelius, and of 
others had introduced an accuracy into chemical experiment 
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which had been unknown in the time of Wenzel. The £Eict of 
constant composition of compounds had been firmly established: 
careful analyses of series of compounds of the same element had 
shown that a number may be attached to each element express- 
ing the relative amount of that element which combines with 
other elements to form compoimds. This number was called 
the equivalent of the element. 

Hydrogen and oxygen combined in the proportion of 1 to 
8; hydrogen and sulphur in the proportion of 1 to 16; 
hydrogen and nitrogen in the proportion of 1 to 4*66. Hence 
8 parts by weight of oxygen were equivalent, so far as the 
power of combining with hydrogen was concerned, to 16 parts 
of sulphur, and to 4*66 parts of nitrogen. 

Hence in the equivalent notation the compounds of hydrogen 
and oxygen, of hydrogen and sulphur, and of hydrogen and 
nitrogen would be represented by the formulae HO, HS, and 
HN, respectively ; and the equivalents of oxygen, sulphur, and 
nitrogen would be 8, 16, and 4*66 respectively. 

But oxygen and nitrogen form a series of well-marked com- 
pounds ; the proportion of oxygen to nitrogen in the compounds 
was found to be (1) 8 : 14, (2) 16 : 14, (3) 24 : 14, (4) 32 : 14, 
(5) 40 : 14. In no member of the series were there less than 14 
parts of nitrogen, the amount of oxygen being taken as 8. 

But the study of the three compounds HO, HS, and HN 
showed that 8 parts of oxygen were equivalent to 4*66 parts of 
nitrogen : hence it appeared that in the lowest member of the 
nitrogen and oxygen compounds there were 3 equivalents of 
nitrogen ; the formulae of the series would then be ON3, O^Ng, 
0,N„ 0,N„ and 0,^,. 

But these formulae were not adopted. It was assumed that 
Uie true equivalent of nitrogen was 14, and that the formula 
of the compound of this element with hydrogen was H3N : 
hence the formulae of the compounds with oxygen became 
ON, O^, O3N, O4N, and O^N, respectively. 

From certain data the formula of phosphoric acid was deduced 
as PO5, that of sulphuric acid as SO3 ; but the amount of the 
former acid, expressed by the formula PO^ was capable of 
iieatrali2dng three times as much soda, or oxide of silver, as the 
amount of the latter acid expressed by the formula SO3 : hence 
the true equivalent formula of phosphoric acid should have been 
written -^ POy 

The study of reactions frequently led to the adoption of 
several equivalents for one and the same element : to carbon, 
for instance, the equivalents 3, 4, 6, 8, and 12 were given 
according to the compound or compounds from the composition 
of which the number was deduced. 

These and similar facts were felt to militate against the 
universal adoption of a notation based upon equivalents. 
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In the year 1808, Gay Lussac aimoimced the £BLct that there 
exists a simple relation between the volumes in which elemen- 
tary gases combine, and also between these volmnes and the 
volume of the product, provided that product be gaseous. 

Hydrogen and oxygen combine — Gray Lussac showed — in 
the proportion of two volumes to one volume ; the product is 
two volumes of aqueous \'apour. Hydrogen and nitrogen com- 
bine in the proportion of three volumes to one volume ; the 
product is two volumes of ammonia gas. Nitrogen and 
oxygen combine in the proportion of two volumes to one 
volume; the product is two volumes of nitrous oxide gas. 
Extended experiments have shown that, as a very general rule, 
two volumes of any compound gas contain 1, 2, 3, &c 
volumes of the elementary gases composing the compound 
body ; or, in other words, if we adopt two volumes of a com- 
pound as the standard, we can express the volumes of the con- 
stituent elements in whole numbers. Further, experience has 
shown that the number representing the smallest (relative) 
amoimt of an element in two volumes of any of its gaseous 
compounds, also represents the proportion, by weight, in which 
that element combines with other elements : we may call this 
number the combining number of the element. Thus, the 
smallest amount of oxygen in two volumes of any gaseous com- 
pound of this element — hydrogen being the unit of the scale — 
is 16. All known gaseous compounds of oxygen may be repre- 
sented as containing 16, or a multiple of 16, parts by weight of 
that element. The smallest amount of nitrogen in two volumes 
of a gaseous compound of nitrogen is 14. AU gaseous nitrogen- 
compounds may be represented as containing 14, or a multiple 
of 14, parts by weight of that element. 

Hence, if we adopt two-volume formulae, we are enabled to 
attach to each element a number expressing the proportion by 
weight in which that element combines with other elements to 
form compounds. 

Now, in the equivalent system of notation, as- strictly carried 
out, no such generalization was possible. The equivalents 
3, 4, 6, &c. might be assigned to carbon. In marsh gas 
3 parts by weight of carbon are combined with 1 part by 
weight of hydrogen ; in ethane 4 parts of carbon are combined 
with 1 of hydrogen ; in ethene 6 parts of carbon are combined 
with 1 of hydrogen. Are we to represent carbon compounds as 
containing multiples of 3, multiples of 4, or multiples of 6 parte 
by weight of carbon ? We are perfectly entitled, on the systena 
of notation by equivalents, to adopt the formula CH as expresd- 
ing the composition of each of the gases already mentioned 
giving to C a diflferent value in each formula. Or, if w€ 
adopt — as was actually done — 6 as the equivalent of carboDj 
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ihen we may write the formulsB of these three bodies as C|H, 
^,H, and CH, or, to avoid fractional numbers, as CH,, C^H,, 
md CH respectively. But these formulae represent different 
i'olumes of the compounds. Let us take CH as the standard ; 
let the amount of this gas represented by this formula occupy 
1 volume, then the amount of the gas CH, represented by that 
Tormula occupies 2 volumes, the amount represented by G^H, 
Hso occupies 2 volumes. 

Further, these equivalent formulse altogether fail to gene- 
ralize the reactions of the compounds which they represent. 

The old notation is said to be founded on facts and on facts 
alone. Numbers are attached to the elements representing the 
equivalents of these elements : the elements combine in the 
proportions expressed by these numbers, or by simple multiples 
of these Diunbers. But we have seen that to many elements 
1, 2, 3, 4 or more equivalents may be assigned ; which 
is the true equivalent ? Further, we have seen that the old 
notation sometimes assigned an equivalent to an element which 
is really not the equivalent, not even an equivalent, of that 
element. The equivalent of nitrogen was said to be 14 ; but, 
as a matter of fact, 14 parts by weight of nitrogen are always 
found united with 3, not with 1 part by weight of hydrogen. 
The old notation made but little use of Gay Lussac's great 
generalization concerning combination by voliune. 

Lastly, the old notation very frequently failed, if rigidly 
carried out, to generalize the properties of the bodies to which 
it assigned formulae. 

I have shown that by adopting formulsB representing the 
weights of two volumes of compounds, and by carefully analysing 
series of compounds, we arrive at certain numbers which ex- 
press the least (relative) amounts of the elements in the two 
voliunes, and also the amounts of those elements which com- 
bine to form other compounds. 

So fcir we have made no use of the idea of equivalency. 
But when we come to compare together the amounts of the 
different elements represented by their combining numbers, as 
deduced by the process just mentioned, we find that, judged by 
a certain standard, these amounts sometimes are, and some- 
times are not, equivalent to each other. Thus, the combining 
number of carbon is 12, of oxygen 16, and of nitrogen 14. But 
12 parts by weight of carbon combine with 4 parts of hydrogen 
to form 2 volumes of a gaseous compound ; 16 parte of oxygen 
combine with 2 parts of hydrogen to form 2 volumes of a 
gaseous compound ; and 14 parts of nitrogen combine with 3 
parts of hydrogen to form 2 volumes of a gaseous compound. 
Further, 2 x 1 6 = 32 parts of oxygen are capable of replacing 
the hydrogen in 2 volumes of the gaseous compound of carbon 



28 POPULAR SCIENCE EETIEW. 

and hydrogen referred to in the preceding sentence, the re- 
snltant gas occupying 2 volumes. Hence we conclude that, so &r 
as the power of combining with or of replacing hydrogen is 
concerned, the amount of carbon expressed by the combining 
weight is equivalent to twice the amoimt of oxygen expressed 
by the combining weight of that element, or to 1^ time the 
amount of nitrogen expressed by the combining weight of that 
element. Or, if the letters C, 0, and N represent 12, 16, and 
14 parts of the elements carbon, oxygen, and nitrogen respec- 
tively, then, so far as the power of combining with or of 
replacing hydrogen is concerned, 

C = 20 
3C = 4X; 

or to put the same statement in another form : 

C = 4H 
0=2H 
N = 3H. 

In such form as this have the long known facts concern- 
ing equivalency found a place in modern cliemistry. We 
compare the amounts of the elements expressed by their com- 
bining weights (deduced from the two-volume formulae of 
compounds) with reference to their power of replacing or of 
combiniDg with hydrogen, and we arrive at certain wide and 
well-marked generalizations. 

The new chemistry finds a place for the idea of equivalency. 

If the combining number of each element be divided by 
the equivalent of that element, a number is obtained expressing 
the valency of the element. But we have found that an element 
may have more than one equivalent ; the valency of an element 
may therefore vary. Each element has, however, a maximum 
valency.* 

The combining numbers of the elements are deduced, it has 
been said, from analyses of two volumes of their gaseous com- 
pounds. But we are acquainted with very few gaseous com- 
pounds of a large number of the elements ; nevertheless a number 
is assigned to every element purporting to be the combining 
number of that element. How are these numbers obtained ? 

In the year 1819 Dulong and Petit announced, as the result 
of experiment, that the specific heats of a number of elementary 
bodies are in an inverse ratio to the combining numbers of 
these bodies. 

The combining numbers of mercury, sulphur, phosphorus, 
bismuth, &c., as deduced from analyses of gaseous compounds, 

* I cannot here discuss the opposing theories of varying and unvaiying 
valency. 
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when multiplied into the specific heats of these elements, yielded 
an approximately constant number. Specific heat x combin- 
ing number = constant = 6*4. This statement was shown by Du- 
long and Petit to hold good for 1 3 solid elements. Since the time 
of its announcement the truth of the statement has been proved 
in the case of a considerable number of other elements. Che- 
mists are now, for the most part, convinced that a safe generaliza- 
tion may be made to the effect that combining number x 
specific heat = constant = approximately, 6*4. 
If this statement be accepted, it follows that 

If, therefore, we are unable to find a series of gaseous com- 
pounds of an element whose combining number we are desirous 
of determining, it is sufficient that we determine the specific 
heat of that element, and divide the number so obtained into 
6'4: the result will approximately represent the combining 
number required. By careful analysis of one or more compoimds 
of the element in question we shall then be able to determine 
with very considerable accuracy the true combining number. 
The specific heat of silver was determined by Eegnault to be 

6*4 
(H)57: ^f>^ = 112*28: the combining number of silver is 

therefore about 112. But careful analysis of silver chloride 
shows that this substance contains silver and chlorine in the 
proportion of 107*66 parts of the former to 35'46 parts of the 
latter. From analyses of gaseous compounds of chlorine, the 
combining nmnber of this element has been determined to be 
35'46 : hence we conclude that the combining number of silver 
is 107*66. Had the specific heat determination yielded a num- 
ber half of that actually obtained, we should have adopted 
107*66 X 2 = 215*32 as the combining number of silver. 

On the old equivalent system of notation, numbers were 
given to the elements, the products of which into specific heat 
▼ere sometimes equal, approximately, to 3, sometimes to 6, and 
in a few cases to 2. No far-reaching generalization could be 
made expressing the relation between specific heat and equiva- 
lent number. 

In the year 1820 Mitscherlich announced, as the result of 
careful study, that there exists a close relationship between the 
crystalline form and the chemical composition of compound 
bodies. If two compounds have a similar crystalline form they 
have also a similar chemical composition. This fact was applied 
in the determination of the combining numbers of many elements. 
The combining nimibers of the elements in a compound being 
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kzh>im, and tbe crrf^callme fcmn of that compound having heen 
determined, ii was only neoeasair to determine the quantity of 
the element whose comhining number was desired, which was 
capable of replacing: an amount of one of the elements in the 
compound repres^nied by the combining number of that element, 
without alteiini: the eiy^talline form of the compound, in order 
to fix the requiivd number. Thus, the crystalline forms of 
copper sulphate and iron s^phate are fiimilar : the combining 
number of ivpper is 63-2 : but the amount of iron which re- 
places this amount of copper without altering crystalline form 
is T^pre^^nted by the number 56. Hence 56 is the combining 
numK'r of iron. 

If the equivalent system of notation were rigidly carried out 
Mitj^^herlioh's law of isomorphism, as it is termed, remained un- 
explained — a iact by itself without a place in the general theory 
of chemist rv. 

The combining numbers obtained from a study of the crystal- 
line forms of ivmpounds are generally the same as those obtained 
from analysers of gaseous comp'^unds, and from specific heat 
determinations. Theite are, however, many precautions to be 
taken in the pnk'tical application of Mitscherlich's generalization. 

If the elements be arranged in a series, beginning with 
that having the leasts and ending with that having the greatest 
combining number* many very remarkable points of connection 
are made manifest between the position of an element in the 
series and the general properties — physical and chemical— of 
that element. I shall point out one or two of these relations. 

If the volumes occupied by masses proportional to the com- 
bining numbers of the elements be arranged in order, beginning 
with that element which has the smallest combining number, 
and if these numl>ers be compared with the combining numbers 
so arranged, it will be seen that the former numbers increase 
and decrease periodically with the latter. By representing the 
specific volumes — as they are termed — and combining numbers 
graphically by means of a curve, this periodic connection is 
rendered very manifest. I'\irther, a connection is seen tx) exist 
between the positions of the elements on such a curve, and the 
physical properties of the elements. The more ductile metals 
are situated at the maximum and minimum points of the curve, 
or immediately follow those elements which are situated at 
these points. The more brittle metals are situated on the as- 
cending portions of the cun'^e, at no great distance firom the 
points at which the maxima are reached. A relation also holds 
between specific volume, position on the curve, and volatility, 
between the same data and fusibility, &c. &c. Further, a close 
periodic relation is traceable between the combining numbers 
and the chemical properties of the elements. 
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The entire series of elementw, arranged as described, may 
subdivided into sectioDi, and these sectionB are generally com- 
posed of elements bearing a close chemical analogy to one another. 
The valency of the numbers of many subsections increases and 
decreases periodically with changes in combining number 
and in specific volume. Rut it would be beyond the scope 
erf this paper to discuss the bearings of the " periodic law of 
odelejeff" in detail. Suffice it to say that the "periodic 
" evidently points to a quantitative connection between the 
nbining numbers of the elements and the chemical (and 
my of the physical) properties of these bodies, and of their 
in pounds.* 
■ In the foregoing statements the combining numbers of the 

menta must be understood to mean those niunbers which 

are hnaed upon the two-volume formulae of series of compounds, 
and which are checked by specific heat determinations, and by 
considerations of crystalline form. 

The old equivalent numbers of the elements may be arranged 
in ascending order, but no general periodic connection can be 
traced between these and the properties of the elements. 

The old chemistry refuses such generalisations as those which 
I have briefly indicated. It will have no dealings with two- 
Tohime formulae, with numbers deduced from specific heat de- 
terminations, or from isomorphism ; it traces no periodic connec- 
1 between the numbers which it assigns to the elements, and 
! general properties of those elements. These things are 
', by the old chemists, hypotheses ; their system is founded 
■ &cts, and on facts alone. I suppose they mean to imply a 
r grave censure by the use of that word hypothesis. They 
1 to forget that all great advances in science have been 
Hie hy the proper use of hypotheses. 
I But the old system does not confine itself to facts ; else, why 
it adopt 14 as the equivalent of nitrogen? why 6 as 
e equivalent of carbon ? Why does it unite the equivalent of 
' lium sulphate as AljOj.SSOj, when the true equivalent 
lount of this body is represented by the formula Al,O.SOg ? 
"he old system deals in hypotheses as well as the new. There 
■ I true, a difference between the hypotheses : the hy- 
potheses of the old school are indefinite ; they escape one when 
one attempts to lay hold of them ; they do not admit of definite 
deductions being made from them. The hypotheses of the new 
chemistry are;, for the most part, definite, workable, and allow 
of deductions being made from them, which deductions may 
W tested by an appeal to facts. 

* In a pftper entitled "thi Chemical Classification" in the I'hiloiophieal 
UagoMe for Aurusi, September, And October, 1877, I hare gathered \a- 
gd^cr in some aaXjaX the facts concerning this connectioD. 
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The new system tends more and more to bring chemistry 
mider the sphere of general dynamics ; the points of relation 
between chemistry and physics are every day being increased 
in number and in definiteness. The old system, in refusing the 
aid of those generalizations which I have briefly alluded to, 
tends to lessen the points of connection between chemistry and 
general physics, necessitates more or less the treatment of 
chemistry as a detached subject, and, in doing this, opposes the 
advance of that time when the grand idea of the unity of the 
sciences is to be realized. 

The hypotheses, with the use of which the upholders of the 
modem school are taunted by their opponents, have done and 
are doing good work for chemical science. Has not the 
hypothesis of Mendelejeff necessitated the revision of the com- 
bining numbers of some of the rarer metals ? and have not the 
recent determinations of the specific heats of these metals 
proved that the hypothetical numbers were more correct than 
those which were founded on facts (?) ? 

Has not the "periodic" hypothesis enabled Mendelejeff to pre- 
dict the discovery of certain new elements, even to tell the 
probable properties of some of these elements ? and has not the 
discovery of gallium at least rendered very probable the 
sccxirsicj of his predictions ? 

Must we give up all these results ? Must we return to mere 
empiricism? The difference between the old and the new 
chemistry is not a difference in the formulation of certain com- 
pounds; it does not consist in preferring certain numbers to cer- 
tain other niunbers: there is an essential difference in the 
fundamental methods of the two systems. To me it appears 
that the old system is empiric, the new scientific. Empiricism 
must precede science ; but when we have attained to a certain 
degree of acciu^te knowledge, when we have gained a few fer- 
reaching generalizations, to give up these and to return to isolated 
facts is, in my estimation, essentially opposed to the very nature 
of the scientific method. 

I do not mean to assert that the new system is the best 
possible system ; every day its defects are apparent. As 
chemistry advances, it is most evident that the system will 
require to be largely developed and perhaps, in portions, recast. 
Nor do I mean to deny that the old system has some points in 
its favour : there are reactions which can be more simply repre- 
sented in terms of the old than in terms of th% new notation. 
But I do think that the principles underlying the old system 
are principles which in their essence are opposed to true 
scientific advance, and that the principles underlying the new 
system are such as permit of great advances being made in the 
^itiiriR. iust as they have aided in the great advances of the past. 
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^The new syatetn seeks for as wide a basis as possible oe 
wiiich to rest the fabric of chemical science ; the old system, by 
rrstrictiog itaelf to what it calls facts, narrows that basis so 
much as to render the fall of the whole structure not very 
robable. 
i h&ve eaid that the modem system of notation is based upon 
I>>volame formula, checked by specific heat determinations 
^ by the study of ciyatalline forms : in many inatances the 
specific heat and isomorphism methods are alone applicable for 
the determination of combining numbers. The numbers thus 
olrfained express the (relative) iimouots in which the elements 
enter into combination. We are justified in saying that oxygen 
always enters into combination in the proportion of 16 parts by 
weight, or a multiple of this number. It has been urged, by a 
distinguished chemist, that such a statement as this is not jus- 
tified by the facts ; that the amounts of oxygen occurring in two 
volnmes of series of compounds are very nearly, but sometimes 
not exactly, multiples of 16 ; that the so-called law of multiple 
proportions has no existence apart from the atomic theory. 
I'nless we found our notation on the theory that matter has an 
atomic structure and that chemical combination tiikes place 
i-t»e«n atoms, we have no right, it is argued, to say that the 
ii-aientji combine in multiples of certain fixed numbers. If 
!. - truth of the atomic theory be assumed, the " law of multiple 
: 1 1 portions " must necessarily hold good. But it has been stated 
.:U we have no rigid experimental proof of the " law ; " hence 
,i' conclusion is drawn that the atomic theory is a true theory. 
! (im the data I should rather conclude that the atomic theory 
not a true theory. But I deny the data. We kava sufficient 
■ipi^rimental proof in favour of the generalization that the 
■ I'-ments combine in certain fixed proportions by weight. The 
modem system of notation does not, I am convinced, necessi- 
tate the adoption of the atomic theory. In the preceding 
parts of this paper I have endeavoured to ehicidate the main 
point* of the old and new systems without referrin^r to the 
atomic theory or using language which suggests such a theory. 

I do not believe that we can develop a system of chemical 
ootation (nor indeed any scientific system) which shall be abso- 
lutely free from hypotheses. The " law of multiple proportions " 
a^umes that the apparent small divergences from the general 
statement which sometimes seem to occur are leally due to 
•xperiment. We must be content to make use of bypo- 
B in science ; only we must test these by frequent appeals 
ftbcte, and we mnst always remember that they are hypotheses. 
I'Tbe combining numbers of the elements, then, generalize a 
At amount of knowledge concerning these bodies. But t 
illy asks why do the elements combine in fixed proportiooa ?" J 
f TOL. a, — so. V. D 
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Why is there so intimate a connection between the numbers 
expressing the proportions in which the elements combine, and 
the general chemical and physical properties of these elements ? 

It seems hard to point out so many generalizations which may 
be made from iacts, but to forbid us to generalize these generaliza- 
tions. The molecular theory of matter — aided by the atomic 
theory of the chemist — professes to give some kind of explana- 
tion of the generalizations I have alluded to. And it appears to 
me that the rejection or acceptance of this theory must be based 
upon the success which attends its profession to give this ex- 
planation. 

Matter, it is said, is possessed of a grained structure of some 
kind. A mass of matter is not a homogeneous whole, but is built 
up of parts, just as a brick wall is built up of individual bricks. 
These little parts are called molecules : when a body is heated 
the parts of the molecules do not part company. In chemical 
actions the molecules are split up ; the smaller parts of matter then 
produced are termed atoms. Whether these are susceptible of 
further subdivision, or not, we do not know. From this theory 
certain deductions are made ; very many of these deductions have 
been experimentally shown to be true. Among these deductions 
is the statement, generally known as Avogadro's law, that, '^ under 
the same conditions of temperature and pressure, equal volumes 
of gases contain equal nmnbers of molecules.*' Assuming the 
truth of this statement, it becomes very easy to determine the 
relative molecular weights of gaseous bodies. The weight of two 
volumes of hydrogen is the standard : this weight is called 
2. The weight of two volumes of any other gas expresses the 
(relative) molecular weight of that gas. The smallest (relative) 
amount of an element occurring in one molecule — i.e. in 2 
volumes — of any of its compounds is the maximum atomic weight 
of that element. In practice we generally assume this nimiber 
to represent the true atomic weight. 

The modem system of notation rnay therefore be regarded as 
an atomic notation. The two-volume formulae become molecular 
formulae ; the combining numbers of the elements become atomic 
weights. 

The constant number found by multiplying combining number 
into specific lieat represents the atomic heat of the elements. 

The crystal is a molecular structure, each compound molecule 
being built up of elementary atoms ; the amount of one element 
which can replace an atom of another without altering the 
general form of the stnicture represents the weight of an atom 
of the rei)lacing element. The feet that there exist intricate 
relations between the combining nimibers and general proper- 
ties of the elements receives some kind of explanation, when 
theie miml)er8 ore regarded as the relative weights of the atoms 
of the elemontfl. 



^B THE OLD AND NEW CnGMTSTBT. 

The molecular theory teaches us to regard the molecule of 
a ?abstaDce as a structure, as a definite whole. The old 
chemistry looked on chemical comiwunds as made up of two 
or more parts ; it tended to the view that, when two sub- 
stances unite, these substances are contained as such in the 
product of the combination. The old chemistry was always 
more or less a dualistic chemistry. The new chemistry rests 
npon a unitary basis. When two substances unite, the product 
is regarded as one new whole; the properties of the combining 
bodies are lost in those of the compound. Not that the com- 
potmd is completely homogeneous ; it is regarded as a stnictnre, 
but yet a structure in which no one part is complete without 
every other, and in which the general properties of the whole 
are dependent upon the mutual action of all the parts. The 
new chemistry is, in this view of it, entirely in keeping with 
the molecular theory. 

The introduction of the principle of substitution into chemistry 
led to the adoption of a tmitary notation ; such a notation Bnds a 
very probable explanation in terms of the molecular theory. 
The old equivalent notation has never been able to accommodate 
itself to the requirements of the unitary aysteni ; it does not 
find lis fullest explanation in, but is rather opposed to, the idea 
of a molecular structiu^. 

The molecular theory of matter is adopted by the great 
^ority of physicists as a good and workable scientific hy- 
bhesiB : the physicists find that this theory enables them to 
RHip together and to explain a greater number of facts than 
m be brought within the grasp of any other theory concerning 
'}:•- Btrncture of mattfr which has yet been pnipounded. And is 
:'. not of the utmost importance that the fabric of chemical 
-i.irDce should be reared from a foundation upon which rests also 
the whole building of natural philosophy ? 

Chemical facts, as well as physical facts, can be explained 
most fully in terms of the molecular theory : the new chemistry 
reocgnizes this ; the old chemistry passes it by. Chemistry 
tends more and more to become a branch of dynamical science. 
To reintroduce the old equivalent system of notation would, it 
:(ppear-< to me, be to render more distant the arrival of the 
r.me when it shall be possible to treat the science of the 
■i;.iiamics of atoms as a branch of the larger science of the 
Imamies of molecules. 

But, nevertheless, the old system has some points in ita 

l;ivoui ; it has had — it still has — many great names identified 

. sitb it. If it be really better than the new, it will again become , 

^^gmnouBt. What the investigators of Natiu-e seek is nofcj^^J 

^^Blenu, but truth. Why, then, should we quarrel with oiu^^^H 
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"VrO naturalist will deny that, in every period of the earth's 
Xl palseontologieal history, the animal and vegetable 
kingdoms have been correlated, no matter how lowly organized 
they may have been. But if the geological record is im- 
perfect as regards the animal life which has peopled our 
globe during past ages, none will be surprised tlmt it should 
be considerably more so as regards extinct vegetable types. 
The chances are infinitely against the preservation of the latter 
in sufficient perfection to enable modem botanists correctly to 
make out their relationships. The earliest plants were formed 
of loose vascular and cellular tissues, which readily de<^m- 
posed, and were therefore difficult of fossilization. Plants 
do not possess such hard and comparatively indestructible parts 
as the majority of animals have, as teeth, bones, tests, and 
shells. Only a few plants have external substances capable 
of resisting decomposition, but such species rank low in the 
scale of classification, as in the case of the Diatoma^cece, which 
possess siliceous frustules or valves. The horse-tails (JEiyui- 
setacece) are remarkable among plants by the large quantity of 
silica which enters into the tissue of their exterior; and in 
this respect they resemble many of the grasses, notably such 
gigantic species as the bamboo. 

With the exception of the Algce^ or sea-weeds, plants are 
chiefly terrestrial in their habits. Even those flowering plants 
we call aquatic, generally grow at the margins of the land 
or in shallow water. The number of true flowering plants, 
such as Rufjjpia and Zoatera^ which live in brackish or salt- 
water is very few. Consequently geologists are dependent for 
the preservation of plants upon fewer physical possibilities than 
those which allow animal remains to be fossilized. Only 
where an extensive lake has had sediments quietly forming 
along its bottom, or in the estuary of some large and not too 
turbulent river, has it been possible for plants to be mineralifled; 
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id it is in lacustrine and estuarine deposits that we find vege- 
±ion most perfectly and abundantly fossilized. On the other 
ind, every geological formation aboimds more or less in 
limal remains ; chiefly those of marine species which lived 
I the seas along whose floors the rocks were originally laid 
3wn in the sedimentary state. In estuarine and lacustrine 
.rata we meet with the largest number of remains of land 
Qimals. Their carcases have been brought down by streams 
nd rivers. The proportion of land animals thus preserved, 
oth vertebrates and such invertebrate forms as insects, bears 
certain proportion to the number of actual terrestrial plants 
hich have also been fossilized. 

If therefore the geological record is imperfect as regards 
)ssil animals, most of which were marine, it must necessarily 
e so as regards plants. As to their bearing on the doctrine of 
volution, less than ten years ago some of our best naturalists held 
tiat fossil animal remains were neutral. So little dependence 
>uld be placed on any inference drawn from their geological dis- 
dbution, owing to the possibility of their unexpectedly being 
>ond in other strata than those to which it was supposed they 
ad 1|Ben limited, that philosophical naturalists preferred to 
igard palaeontological evidence for the time as nil. But year 
(ler year has witnessed the discovery of new animal forms in 
rata of various ages,and in different parts of the worid ; and now 
le most stubborn opponent of evolution is obliged to acknow- 
sdge that the balance of evidence from fossil remains is 
pcoming every day larger in favour of the new philosophy. 

Much the same may be said of fossil botany. Thanks to the 
due of mineralized vegetation when it assumes the shape of 
)al, the formations bearing it have been better studied and 
cplored than any other, so that the chances of finding new 
sgetable forms have been greatly increased. We have 
^metimes to skip formation after formation before we can 
3oept any inference drawn from the occurrence of fossil 
.nd plants, and we are often surprised by the contrasts be- 
reen floras thus separated by extensive epochs. Thus, after 
le abundant flora of the Coal Measures, we meet with but little 
Qtil we come to the Upper Cretaceous, Eocene, and Miocene 
^rmations. Here and there in the Lias, some parts of the 
olite, and the Lower Cretaceous rocks, we come upon local 
oras, some of which, as in the case of the Upper Cretaceous 
oras, had an extensive geographical distribution, so that any 
iferences drawn from their occurrence are much safer than 
' we had met with a fossil flora in one locality only. "WTiereas 
i the animal remains of the successive formations we can 
itness group after group of marine organisms making their 
)pearance and becoming extinct, the story of the vegetable 
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life of the globe is interrupted by enormous periods of 
This is due to the fact that the greatest numlier of the rock 
with which geologists are best acquainted were formed in sea 
far from land, where it was impossilile for land v^etation b 
be carried without destroying its distingiiishiog characters. 

Notwithstanding this '* imperfection," however, there an 
certain broad and unquestionable principles which geologist 
can depend upon in the succession Iwth of animal and vegetabli 
types. Thus we find that the simplest forma appear in thi 
oldest formations, and the most complex and highly organized ii 
the latest. No investigation appears likely to disprove thi 
most important fact. Again, as regards animals particularly 
and, far as can be ascertained, with plants also, the dooi 
generalized types of organized objects precede the specialise 
forms, If we had as good means of identifying plants froi 
fragments as we have in the case of the higher animals, thei 
can be little doubt we should find the same truth holding e:)ualb 
good in the vegetJible kingdom, Modem naturalists have 
some important discoveries by the light of embryology — tbi 
is, of the probable descent of any species by tracing the succeseii 
changes which it may pass through aa an embryo. In thjs we 
it is found that the embryo of a mammal passes through 8 
enormous number of stages, from those representing eingle-cello 
infusorial animalcules upwards and onwardii through othi 
corresponding to fish, amphibian, reptile, and bird. The 
embryonic stages are a kind of condensed evolution, taking plae 
and succeeding each other in a few months instead of in miUioi 
of years, and occurring in the life history of one p.nimal inste&i 
of an incalculable series. Embiyology therefore is regardai 
as illustrative of palfeontologicitl evolution. 

But here again animal structures give a greater advantsg 
to the student of their history and relationships than plant 
The latter have fewer embrjological stages through which we c! 
trace their probable lines of descent. This has been attemptdi 
by a few English and German naturalists, and with consideral^i 
success, but the subject remains an almost imworked field. Thi 
most suggestive probabilities as to the origin of some of thi 
leading orders of flowering plant come from a quite unexpect«< 
quarter, namely, their monstrosities or teratology. Thus, 
find that frequently the ttinormal conditions or monstroeitie 
of one order of plants correspond to and assume many of tbi 
characters distinctive of another order. In this way it ii 
possible some orders may have arisen through adventitioui 
changes in sti'ucture brought about by changes in the physica 
surroundings, such as climate, moisture, and height above tbi 
sea-level. 

The correspondence in the mode of succession of animal and 
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_ rtable remains, as everywhere revealed by the study of geology, 
reDders it very probable that we have hit upon the true order 
of appearance on our globe. Such terms as were used by the 
older geologists, as the " age of fish," the " age of repliles," aud 
" age of mammals," roughly express this method of succession. 
And beyond modifications in the liard and fast lines where they 
made the^e auimals to come in or disappear, nothing has been 
discovered to interfere with the arrangtment. Corresponding to 
this was the classification of the vegetable kingdom, based on 
fo^l remains, founded by Brongniart many years ugo, of the " age 
flf acn^ens" (orfema), " age of gymnDSperms " (or conifers), and 
"age of angiosperms" (true eeeding-plants). In both kingdoms, 
*»itTml and vegetable, there is the strongest evidence — evidence 
which every new discovery strengthens — that the lower preceded 
tlie higher, and the general the special forms. 

iirongniart's simplt: classitication of the geological order of 
toccession of the three most prominent of vegetable types 
upon the earth, ought not to lead the student to infer that 
during the " age of acrogens " or ferns, there were no conifers, 
ur that, when the " age of gymnosperms " prevailed, there ex- 
i,-ted no true seeding or angiospermous plants. The classification 
indicates only the prevailing groiips of vegetation. These can 
be again divided, so that we find the order of classification 
corresponds to that of palreontological succession. Thus up 
to the conclusion of the Silurian period, sea-weeds or algcB were 
the dominant types of vegetation ; from the upper Silurian to 
mid-Carboniferous times, ferns and club-mosses (ZycopocJiacece) 
were most abundant. In the Permian and Triassic periods 
coniferous trees were in the ascendency ; then follow monocoty- 
ledonous plants, such as palms and grasses in the Oolite, and true 
Sower-bearing plants in the Lower and Upper Cretaceous ; 
abundance of them in the Eocene, a preponderance of 
in tbe Miocene strata, and so onwards to oiu' own time, 
among the true flower-bearing or phanerogamous plants, 
find that the monocotjledonous preceded the dicotyledonous ; 
'hiUt the wind -fertilized (cmeTnopfdlou-a) groups of dico- 
tyledons appeared before the insects ttytilized {eiitomophiloua), 
certainly ns orderly as the Acrogens came before the Gymno- 
q>emis^ For the occurrence of a few insect-fertilized plants 
among the first dicotyledonous flora no more invalidates this 
conclusion than does the fact that we find coniferous trees in 
the Devonian rocks interfere with their existing in the so- 
nlled '"age of acrogens." 

It baa been recently showTi that the colours of petalled or 
t-:rianthed flowers exist in the first place because they are useful 
'< plantfi in attracting insects; and that the visits of insects thus 
- -ured, cause pollen to be carried from one plant to another. 



Bo wei 

Wk 



40 POPULAR SCIENCE BEYIEW. 

and so produce that degree of crossing which is beneficial 
It has been found that the size and colour of the corollas of 
flowers (as in the geraniiuns), the intensity of their per- 
fumes, or the (more practical) larger amount of honey which may 
be secreted in their nectaries, are always proportioned to the 
needs of the flowers to be crossed by pollen other than their own. 
So necessary is this crossing in some instances that the pistil of 
a flower is as barren when dusted with pollen from its own 
stamens as if it had been fertiUzed with poUen from an 
altogether different species. It had long been acknowledged 
in a general way that flowers were necessary to insects ; but 
it is only within the last few years that it has been discovered 
that insects are quite as necessary to flowers. With the 
exception of accidental crossing, which may result from 
such fringe-winged insects as the minute little ThHpa to 
be seen in most English flowers, the insects which can 
fertilize or cross diSerent flowers, so as to make their visits 
important and serviceable, are limited to two or three orders. 
Of the orders of insects now recognized by zoologists, one may 
be regarded as specially adapted to flowers. This is the order 
Lepidoptera,a peculiarly flower-haunting group all over the world, 
both in the day-flying species called butterflies, and the night- 
flying species known as moths. Their mouths are in the shape 
of a trunk or proboscis, which does not allow them to suck food 
except in a fluid state, such as that in which we find the 
natural honey of plants. To this universal fact of the Lepidop- 
tera being purely suctorial, there is only one exception in the 
case of the curious moths in Australia {OphUleres), which 
have boring or terebrant mouths ; thus linking the Lepidoptera 
with other orders of insects. Next to the Lepidoptera in 
importance to flowers as an order, are the Hymenoptera, of 
which, however, only the bees are purely flower-frequenters; 
a good many members of this order being even disadvantageous 
to flowers. Among them we may instance the numerous species 
of ants, whose fondness for the honey secreted by flowers in- 
duces them to climb the stems of plants for the piu^Dose of obtain- 
ing it. But as these insects are wingless (except a particular 
set at a certain time of the year, when flowers have nearly all 
bloomed), and as their bodies are glossy and bare of the hairy 
covering which in butterflies, tnoths, and bees enables the pollea 
to stick to the body, it follows that ants cannot be serviceable to 
flowers in crossing them ; whilst if they steal the honey off*ered 
as a reward to serviceable insects, tbey are so far actually enemies. 
It is to protect flowers against such predatory excursions as those 
made by vigilant ants that tlieir stems are covered with hairs 
and prickles, or gummy with viscid secretions. Some of the 
Coleoptera or beetles, such as the rose-chafers, and various 



^m^ OBOLOOICAL ASTIQUITT OF FLOWERS AND IHSBCTS. 41 

Vnall species, are of advantage to flowers by carrying away 
the pollen which attaches itself to the underside of their bodies 
diuTDg their bIow and sleepy foraging in the bosom of flowers. 
A few Diptera also may be useful to plants in crossing them. 
Bat enough baa been said to prove that the l^epidoptera iirst, 
and such specialized forms as the bees among the Hymenoptera 
second, are the members of the insect world on which flowers 
most depend for being effectually crossed. 

Now, if among all the vegetable productions of the globe 
those plants which bear conspicuous and attractive flowers are the 
latest to appear (as we have seen tbey are, the anemophiloua 
group preceding the entom.ophUou^), then, as the Lepidoptera are 
so absolutely necessary to the perfect crossing of piaats, they 
ought to make their appearance about the same time. That is 
to say, if true flowers are the latest of all the developments of 
the vegetable world, butterflies and moths ought to be the 
latest evolved among the insect-tribes. Remains of insects 
have been foimd fossilized in deposits as ancient as those of the 
Devonian period, and from that time onwards to oiu: own, under 
conditions which would have equally admitted the preservation 
uf I.^idoptera had those insects been then in existence. It must 
' r 1«; imagined that, in spite of their gay colours and attractive 
■ ]"-arance, we regard butterflies and moths as the most highly 
, _;Lnized types of insects. On the contrary, bees, ants, and wasps 
tiiuong the Hymenopt*ra, and termites, or white ants, among 
the Neuroptera, by their subtle display of instinct, their 
knowledge of the dirision of labour, and the general mode in 
which they conduct the affairs of the hives or republics in 
which most of them live, recommend themselvea to our notice 
as cercbraUy the highest endowed of all forms of insect life. 
But the Neuroptera and Hjmenoptera were in existence 
ages before the appearance of moths and butterflies, 
although it is not until the tertiary period that we find them 
fossilized in such specilic forma (termites and aot.s) iis leads 
OS to believe their marvellous iustiucts had even then been 
Mtablished. 
We have seen how it is possible to trace in few words the general 
I nder of succession of the leading types of animals, and also of 
pluits. Sir John Lubbock and other philosophical entomologists 
DBlieve that the various orders of insects came into existence, 
at different periods, somewhat as follows : — Orthoptera and 
^'niroptera in the Devonian epoch ; Coleoptera during the 
' il'oniferous; Hymenaptera, Heviiptera, oaA Diptera during 
' Dolitio and Cretaceous periods ; and Lepidoptera not until 
i'ltiary times set in. The remains of a supposed fossil 
ktterSy have been found in the English Oolites, and named 
liy Mr. Butler Pakevntina oolitica; but the lepidopteroiis 
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character of the single wing thus named is doubted by Mr. 
S. Scudder in his work on fossil butterflies. Two other supposed 
secondary butterflies have been criticized by the latter author, 
one of which specimens he has personally examined and declared to 
belong to another order ; and the other, which he has not seen, 
he does not think is lepidopterous. This examination leaves 
Lubbock's generalization true, for the present, that the Lepido- 
ptera only appear in Tertiary strata. We see no reason, however, 
why they should not have appeared earlier, say at the beginning 
of the Cretaceous epoch, when true flower-bearing plants first 
made their appearance, although the first flowers may have 
blossomed more for Hymenoptera than Lepidoptera ; and, 
indeed, the fact that the first flowers were polype^ous rather 
than gamopetalous — that is, had corollas made up of separate 
petals, rather than of the petals all joined together as we 
find them in the conmion blue-bell {Ca/mjpanvXa) — ^is an indi- 
cation that gamopetalous flowers could only be formed when 
there were insects with proboscides long enough to be thrust down 
to the nectaries at their bases, as we find them in butterflies 
and moths. 

Thus we see there is a broad parallelism between the 
appearance of the more differentiated types of the vegetable 
kingdom, and the development or appearance of various orders of 
insects. Instead of the appearance of a new order, the differ- 
entiation may have been accompanied by such specialization of 
a large group as the bees among Hymenoptera. Mr. H. Gross 
has published three very important papers on the insect £&una 
of the primaiy, secondary, and tertia^^riods, in which he has 
given the proportion of species. Of these we observe the Cole- 
optera or beetles are best represented. It is one of the most 
extensive in its geographical distribution — a fact which always 
indicates the antiquity of organic forms, as it proves they were 
spread before those physical geographical changes occurred 
which give the sur&ce of the earth its present features. 
Among the beetles, also, we find a very extended differentiation ; 
their genera are adapted to almost every habit of life, aquatic, 
subterranean, and terrestrial. They are aborted as well as 
developed, as in the case of the glow-worm. They live on 
carrion, fungi, pollen, nectar, wood, leaves, and other organic 
substances, and have their structures modified accordingly. 
Hence we cannot be surprised that the Coleoptera seem to have 
been from the first a dominant order, seeing how useful beetles 
have made themselves in the economy of the globe. Perhaps also 
the durability of their hard wing-cases {dytra) has firequently 
enabled them to be fossilized when other insects would have 
been decomposed, and thus caused them to appear numerically 
more abundant than contemporary orders. 
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We find the general distribution of insects, in geological 
time, to be in the order we should expect from what baa 
already been said. The oldest fossil inaect is termed by 
KicholsoD ptieudo-neiiroptcTuvs — a name which indicates its 
generalized character. This occurs in the Devonian rocks of 
Noitli America, but the large size of wing of one of these fossil 
species (indicating an expanse of five inches) leads ua to infer 
that these Devonian forms cannot be the oldest of winged insects. 
Mr. Scudder regards this earliest known insect as a " synthetic 
type " — that is, one which combines peculiarities of structure now 
(^stributed and specialized in different groups. In the Car- 
boniferous rocks many species of fossil insects have been met 
with. Among the Neuroptera we have a member of the ffp/ieT««- 
rxduE or " May-flies " larger than any now known, having an 
expanse of seven inches of wing. These are insects which pass 
the first stages of their existence as aquatic larvw. The 
Orthoptera are represented by very generalized forms of cock- 
roaches, cricltets, and locusts. Beetles, however, are not yet so 
abundantly preserved. 

In the Secondary rocks large numbers of fossil insects have 
been found, and here beetles take the leading place. One great 
storehouse for them is the Lias bed at Scbambelen, Switzerland. 
In England the Rhaetic beds have yielded a rich harvest, as 
may be seen by a reference to the work on British Fossil Insects 
by the Rev. P. B. Brodie. The Purbeek beds are also locally 
productive of many fossil species. No Hymerioptera have been 
jret found intbeRhffitic beds; but 29 species of Culeoptera, 12 of 
NevLToptera, 9 Hemipteni, and 7 Orthoptera from these strata 
have been described. Two species of beetles have been found 
fiDnsilized in the Swiss Trias. Prof. Heer has discovered in the 
Liasdc rocks of Schambelen no fewer than one hundred and 
forty-three species of fossil insects, which are distributed 
as follows: Coleoptern 116 species, Hemiptffra 12, Mymenop- 
lera 1, O/ihoptera 7, und Neuroptera 7. The fossil beetles bad 
even then been specialized into carnivorous types : others were 
i^-feeding beetles. Some evidently lived on decaying wood; 
but as yet there were none which are now known to haunt flowers. 

la the Stooeslield slate of England various fossil insects 
have been discovered. They are represented by large species of 
Seuroptera, such as dragon-flies, and various well differentiated 
genera of Coleoptera, already adapted to diS'erent kinds of food 
and habits of life ; but none of them are flower-frequenters. It 
was in this bed that the supposed fossil butterfly called Palteo-n- 
tina oolitica was met with. If this be a true butterfly there 
mmi have existed flowers at the time when the Stonesfield Slate 
lias fi>nne<I, according to the theory that flowers and Lepidoptera 
go together. The Purbeek beds were formed in a large 
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J64:>. \:A v-'frrT 'i^^'-i.ii-i-.'i* ?jt=. l- it* fLTj-nnlJe to tne 
pr^-r-Ti >*,..-- f -.zj^f^.''. 'zZji ii-ririz^lj lir^^ numbers 
.'-5: «; ->:*i'-, 'Vi:r.-=-i tV.::! •i> iL*rc-i?:iz_i: ::«ni:j.t:>i;- The 
"/.• > .'• /y p'/r ■ -!. 'A >/ V 3. -'*Vj '.>f .V -^ :. Li-i H .'^M t.'pl^ra are 

*y^:..^' r.^r^,r.''^z^ 'Lr: \'^'\^ Z-r^Ji*!-: rr^'r^rz^. The hemi- 
•■>:. •:, r-rTi- iLi tr.r^ O r?. I'y.^r^z t::L tc!i. The beetles are 

V.';,«-r, "»^ C'vrirr Vj tLr Trr^iarj ^mia u:i•ioub^5d Lepidoptera 
»'i;i;ic«; t:.e;r appear^ii?^- Th-erEr if r.> longer any zoological 
dv-',* if to w:^t th^T arr. But :hif :• the perir-d when true 
gov-r* r>-jitijj to br: a"' ui;ia!:t. a::d ihrrrfi-re it is significant 
w«: *Io-a]'i taA sjMririxiiized i^'.'Wrr-l-'.-ii:^ i'i^ects appearing 
*t th'r jr^rrje time. A- a rich. f:.??il dora, cimtaining true 
flo»'':r-. ]ji.'i ^fh^n fouLd in format i-'-n? as old as the Lower 
ilr*:*.>^t:i:t,:y. in (fTft^ixhiTifi. it is p:'^s:l^!•> tba: Lepi iopt era appeared 
1/^';.-'; th'r P>x?^:rifr yf:ncA, Nine rf-rcies ol fossil butterflies 
ar^T f wind in -trata of the latter a^e at Aix in Provence, 
Th" Mi'Kr'rne rtrata of Switzerland have vielded an immense 
fj»iniM:r of fffxrHe^ of fossil insects, which have been described 
by Profe-ror He^rr. In Ijeds of tlus age at Radoboj in 
^'f'/fitia, thre^' sjieciea of butterflies have been found; one of 
i)i*'U% -ifijrularly allied to an Indian species. In this formation 
th': Uyifi'ruopVirii 'die very abundant. From the Swiss Sliocene 
at <Kuiu^*'!U Frofeftrjor Heer has obtained nearly nine hundred 
Y\ft'<:\*a of fo-ihil insects, of which the Coleoptera number no 
l^'i-'-. than f\\ii hundred and eighteen. Xot only do we find 
th'"*^: Mio^r^'ue Ijeetles differentiated and adapted to all the 
ha Li in of life which their Oolitic predecessors had already 
j/z^-^fHwrrl, but for the first time we come across true flower- 
hatjiif.iuf/ }>^;etles, Wonging to groups actually specialized in 
our own day to particular genera of flowers. So striking is 
this that JVofitsKor Heer infers the existence of such flowers 
(altliongh thoy have not as yet been found) during the Miocene 
i*|>orh. Thii fossil Hymenoptera of QEningen number eighty 
HfM'^ii'H, and among these are those highly speciiilized forms, 
Hiirh iiH Ix'i'H, which are always associated with flowers. Three 
Hpff'u'H of hutt(*rfli('8 are all which have as yet been recognized. 
It, would wcni probable, therefore, that liees appeared before 
hnt.ti-rllii'H, and obtained their remarkable specialization by 
Iwifij^ adapt4*d to the earliest of the flowering plants. 

Ni-ar th(i Wliit<» and (ireen Rivers, bordering on the territories 
of (Itiih and (Colorado, an immense tertiary deposit has beai 
ctxplori'd by the TJnit(id States surveyors. Its shales have been 
f,. ' Med in places with insect remains, including even the 
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lanae. One epecies of Thripa bas been found whose minute 
fringed wings, characteristic of its order, are visible under the 
microseopo. Fossil ants occur here, so that their peculiar 
specialization bad already been effected. Only one species of 
moth, however, haa hitherto been met with out of the sixty or 
seventy fossil insects described- 
Later tertiary beds always contain fossil insects where the 
conditions are favourable ta their preservation ; but it would 
appear as if all the great orders had assumed their modem distinc- 
tiveness before the close of the Miocene period. What has since 
occurred baa been chiefly their changed geographical distribution, 
and the breaking up and differentiating of two of the orders, 
Hjmenoptera and Lepidoptera, so as to adapt many of the 
epecies of each to the most abundant or most frequented of the 
flowers where such insects have been distributed. 

We see that a comparison of the order in which insects 
have appeared leads us to infer the absence of true flowers 
tmtil the later geological epochs. A parallel development 
bag taken place in insects and flowers during geological times, 
eo as to slowly and mutually adapt each to the other. The 
order in which the various families of flowering plants have 
appeared bears a relation to that in which the different groups 
of insects have succeeded each other. Thus we have first the 
conifers and cycads, wind-fertilized plants, producing a super- 
abundance of pollen so that some of it may surely take effect. 
The grasses and sedges probably appeared d^^^ng the Triassic, 
Liassic and Oolitic periods, although in no very great abim- 
dance or variety, or we should have more fossil remains of them 
than we have in the doubtful Cypenl.es, The Antkolitkea of the 
coal measures, once believed to be a grass, ia now known to be 
merely a fniit^bearing spike of some coniferous plant. During 
•Ijt^ "age of conifers" a large differentiation took place in this 
lifir. There were coniferous trees living during the Carbo- 
iternuH period which bore adiantnm-like leaves, similar to those 
j11 produced by the peculiar conifer from Japan known as 
•■'■iH^mria., and " stone fruit," almost like plums, or rather 
.(■•embling the fruit of the yew, which has long been familiar 
:■! geologists under the name of Trigonocarpum, These fruits 
are found in such abundance in some sandstone beds of the 
Upper Coal Measiues as to make them appear almost composed 
of nothing else. Pines with the ordinary needle-shaped leaves, 
and cone-bearing, have always been abundant. The fossil plant 
known as Pothodtes, found in the Scottish Coal Measures, and 
supposed by Carruthers to be the spike of an aroideous species, 
is imperfect, and some botanists deny its phanerogamous 
character altogether. Only eighteen species of fossil monoco- 
trledonous flowering plants are I'ecorded as having been dis- 
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covered in tbe three formations Trias, Lia?, and Oolite, and 
some of these are doubtful. This proves how very scan^ 
must have been the flower-bearing flora, for we get no similai 
poverty of fossil ferns or conifers. The Wealden forEoaiion 
was deposited as a delta at the mouth of a large river- 
watering an enormous area of country, which must have I 
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more or lesa covered with plants ; and the Purbeck beds were 
formed along the floor of an extensive fresh-water lake. N(J 
conditions could have been more favourable for the preserva- 
tioQ of land plants than these, yet the number of flowering! 
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pecies is eitraorclinarily BinaU. Remains of iosects, their wings, 
^s, heads, &c^ are preserved sis we have seen ; and there is no 
-eaeon why we should not have found dicotyledonous flowering 
lUnts had they been abundant. 

In a Greenland formation which Profefi§or Heer calls Lower 
Oetaceous, plant beds are found which have yielded extraordinary 
results ; 138 species of ferns, 75 of monocotyledon ous flowering 
plants, and one dicotyledon out: plant have been described. In 
the greater part of Europe the Cretaceous period was marked 
by deep-Bea conditions, so that we have little expectation of 
Sliding fossil land plants. The Upper Cretaceous formation in 
maoy places seems to have been favourably deposited for the 
pitservatioQ of these desirable plants. It shotdd be stated, 
however, that in the opinion of some geologists some of the so- 
called " Upper Cretaceous " beds, especially those of Dakota, 
are regarded as possibly intermediate in age between the 
Cretaceous and Eocene, so that they form "passage-beds "between 
the Secondary and Tertiary epochs. The most remarkable strata 
of these deposits are perhaps those of Dakota in the Western 
States of ^jnerica, whose fossil plants have been figured and 
described by Professor Lesquereux. Here we find no fewer than 
one buDdr^ species of dicotyledonous plants. In the Aix-la- 
Chapelle beds a large number of fossil leaves, &c. have enabled 
botanistd to chronicle the incoming of many orders of plants at 
an earlier date than had lieen before imagined. In tropical 
Africa and Greenland plant-bearing beds of so-called Upper 
Cretaceous age have also been explored; and the occurrence 
of the remains of monocotyledonoiia and dicotyledonous plants 
in them proves how widespread and abimdant these groups had 
slready became. 

Al! the coniferous and most of the monocotyledonoiis plants 
are " wind-fertilized " : and it is probable that up to the bcgin- 
niiig of the tertiary epoch no such beautiful periantlied mono- 
co^ledons as the lilies, tulips, &c., had made their appearance 
— dial, in short, all the monocotyledon ous plants were up to 
that time *' wind-fertilized." It is curious to not# that when 
the dicotyledons fiist make their appearance it is also the 
"wind-fertilized " group which comes first. Thus, in the Upper 
Cretaceous beds of Dakota, out of the one hundred species of 
dicotyledonous plants described, no fewer than sixty-one are a/peia- 
Imis, such as the oaks, maple, &c. (see figB. 1 & 2), Many of (hem 
were catkin bearers, as the poplars. Of the remainder, thirty- 
fire species are those posBeasingpo^ypefrtioK* flowers; whilst only 
<m« species is gamopetalous — that is, has flowers with the petals 
muted into one piece. The proportion of " wind-fertilised " over 
"insect- fertilized" plants is always greater the further we go 
hack in geological time, thus indicating that the "wind- 
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taulixtA" appeared first. If «« oooM g«t specunem of U; 
entire pUsts, and were doC fonsed oRiea to depend on lean 
•Inoe (or the tdeotifiatioD of genera, there can be UtUe dool 
w« •hnuld find tbe earUest dieatjleAaaoas plants to belong t 
ntich mrire generalised tjpes than an; mxr eii^i^. Such is th 
Ofinifm of Baroo von Et^ngshaaaen, who has studied and ooa 
piirwd the creta«eo(U and tertiaiy Soias of the world. 
• fThe order of floral occnrrwice therefore is 1st, " wind-fert 
Unsd " or an«mapkilous HonncotyledorB, auoh oa graisea, sedg 
rufbfv, Ac — gay-6owered or periantko-i Moriocotyledona i 
appearing for certain until the Miocene period ; 2iid, Dicot] 





ledonii ln'loiijfing ia the " wind-fertilized " division, and bean 
inc<jn»(piciii>ii« flowers orcatkiug; 3rd, Dicotyledons with (r 
flowers, Imt hiiving the flowers composed of several pieces 
petals (polypetaltma) ; and 4th, DicotyledouB in which the peti 
are itnited, so that the flower or corolla is in one piece (gaa 
pMalowi). Of the GamopetaUe, the irreguUir flowers, soak 
\9ldLaldat(e,8cropUiiiai-iaoeai,&c.,vKKdeveli>ped laterBti 
"**** r Irregular jicrianthed flowerti, auoh as Orchida,*' 
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I among the later floral devplopmeotfl. This is cer- 
Bir order of niiinerical proportion, ami we have little 
B also that of the uctiial succession and appearance in 
Bowering plants. 

fiTertiary epoch is that which up to a few years ago was 
\ to have tirst witnessed the introduction of dicotyle- 
We have seen that this is not the case. Bat 
Mmld expect from the line of argument employed, their 
Jeromes numerically greater as we approach the present 




From B specimen in Ipswich UuBeum. 



B Eocene beds of Hampshire and elsewhere have yielded 

remains of a flora of a nearly tropical character, 

i IB on the whole related to that foimd in the older so- 

[Tpper Cretaceous" formations of Aix-la-Chapelle and 

The Eocene plants include many genera now deemed 

f Australian, such as the Proteaccix; smilax, dryandrap, 

I, cactuses, aroids, figs, &c. abounded ; and their 

! found fossilized with those of fan-palms, feather- 

il others. Climbing plants and Uianes then festooned 

t trees, as they now do the woods of the West Indies, 

, TOL, u. — xo. r, E 
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It is in the Miocene perioil, however, that we have the remaini 
of the most wonderful flora preserved, especially in the tnolasN 
beda of Switzerland. From it« warm temperate character 
Prof. Heer thinks the clinaate must then have been aboul 
sixteen degrees higher than it is now. One peculiar featon 
about the Miocene flora is its assemblage of existing genen 
which have since been rendered locally eKtioct, so timt w 
now find them in parts of the world at immense distance 
from each other. Tliis has been greatly the result of subseqaeil 
geographical changes, some of which, such as those occurring i 
the glacial epoch, were of an extraordinarily rigorous character. 
No fewer than seven hundred species of fossil phanerogamou 
plants have been obtained froni the Swiss Miocene beds alone, 
Of these nearly three hundred were trees, and two hundred an< 
fifty shrubs. One hundred and sixty species were herbaceoit 




flowering plants ; many of them grasses and sedges, others will 
showy blossoms or corollas (fig. 5). The Miocene flora plainl; 
shows U8 that a great differentiation had taken place in the fore 
and grouping of in sect- fertilized plants since they first appeared 
We now meet with C'ompoeite flowers, where we have an abortioi 
of some andaspecializfttion of other florets, all diminished in si 
and peculiarly arranged on a disk, so as to suggest the popula 
idea that the whole colony is only one flower, as is certainly tl 
notion with the daisy, dandelion, and sunflower, &c. Such 
modification of floral parts would only he expected by a botAoit 
in periods subsequent to the Erst appearance of these flowom 
and he regards them as produced by a gradual modificatioi 
ilionaceouB flowers, like those of the pea, remarkable (c 
e different ^ixes and shapes of the petals and their differefl 
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—rarely the §aine in any two genera— abound in the 
: beds. There are traces of them in the Eocene, where 
Ksrly allied group, the Mimosas, reaembling them in the 
MnictioQ of their fruits {legumes, tig. 6) are not iineommon. 
lei^lilies covered the quiet Eurfaces of Swiss and Eoglish 
8 during the Miocene period as they do in our own day. 
lamon trees (now characteristic of the far East} abounded, 
s plants (at present peculiar to the Southern Hemi- 
■e) grew by their side, magnolias and tulip trees (well- 
1 American forms) sprang up in botanical fellowship. In 
lB)p.iny with them were almond trees, plum trees, hawthorns, 
I Hid many others familiar in temperate regions. 




t^he Pliocene and Glacial periods witnessed the local extinc- 
ftn of many of the plants whose more generalized character 
-.ibled them to grow together during Miocene times, and the 
_ -graphical distribution of others to the areas they now occupy. 
Ill a great measure the entomophilous flora has l«;en otherwise 
"afrialirH since then — many plants have become vwnaeeious 
■rdtovicus, dimorphic and trimorphie, cleistogamous or other- 
p abort«d. These changes are still going on, and the ap- 
pesrsDce of roan has done not a little to add to the disturbing 
agents in the floral equilibrium of the world. We have seen 
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that the appearance in geological time of the most beautiful or 
sweetly perfumed flowers is also that of the insects which now 
habitually frequent flowers. And as the wind-fertilized precede 
the insect-fertilized flowers in order of geological time, we 
contend that the latter may have been modified out of the 
former. Not unfrequently the same genus of plants contains 
boCh insect- and wind-fertilized flowers, as in our own common 
ash {Fraxiniis excelsior) which is apetalous, and the species 
naturally abundant in the South of Europe, and now in our or- 
namental shrubberies, which possesses a corolla, and is therefore 
insect-fertilized {F, omua). It is not to be concluded that the 
plants which bear the most beautiful flowers are the most 
highly organized, any more than such specially attractive insects 
as the Lepidoptera are also the highest in point of organization 
and development. Some of the Neuroptera, such as the white 
ants {Temiite8\ and many among the Hymenoptera, as bees 
and ants, are more cerebrally developed. We have therefore 
a peculiar aspect of evolution here presented, not necessarily 
towards higher organization, as some people think is imperative 
in the new philosophy, but in the direction of special adaptation 
to each other's necessities and well-being on the part of two 
groups of organisms having no other connection with each 
other than that of having become mutually adapted to each 
other's requirements. 
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THE EXTINCT BRITISH WOLF. 
By J. E. HARTING, F.L.S., F.Z.S. 
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THE interest which attaches to the history of extinct British 
animals can . only be equalled by the regret which must 
be felt, by all true naturalists, at their disappearance beyond 
recall from our fauna. It seems almost incredible that the 
number of wild animals which have become extinct in the 
British Islands should equal, if it does not exceed, the number 
of the still existing forms with which we are familiar. And 
yet if we exclude from consideration the Chiroptera and the 
marine mammalia, this is not far from the truth. 

Naming them at random, and commencing with the largest, 
the extinct British species are — the mammoth, elephant, rhino- 
ceros (two, if not three species), hippopotamu*', primaeval ox, 
longfronted ox, aurochs, musk ox, Irish elk, reindeer, wild boar, 
Irown bear, grizzly bear, great cave bear, lion, sabre-toothed 
lion, leopard or panther, hyaena, spotted hyaena, lynx, wolf, 
arctic fox, glutton, beaver, lemming, crane, and bustard. Tbe 
fern naturce still existing in Great Britain are — the red deer, 
the roe deer, fallow deer (introduced), wild white cattle, the 
hare, Alpine hare, rabbit, hedgehog, mole, shrew (three species), 
hadger, otter, weasel, stoat, polecat, common marten, pine 
marten, wild cat, fox, squirrel, dormouse, harvest mouse, long- 
tailed field mouse, house mouse, black rat, brown rat, water 
vole, short-tailed vole, and bank vole. 

One of the few wild animals which survived to within his- 
toric times, and hence one of the last to disappear, was the 
^olf^ a creature whose ferocious and bloodthirsty nature caused 
it to be speedily singled out for extermination by the early 
EngUsh legislators. 

To judge by the osteological remains which the researches 
of geologists have brought to light, there was perhaps scarcely 
a county in England or Wales in which, at one time or another, 
wolves did not abound, while in Scotland and Ireland they 
must have been even still more numerous. 

The vast tracts of unreclaimed forest land which foTmeil'j 
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existed id these realms, the majriiiGceDt remnants of whi 
many port: ^iU strike the beholder nith awe anil aijmiratiun, 
ftSbrded for centuries an impenetrable retreat for these animaU, 
from which it was well-nigh impossible to drive them. It waa 
not, indeed, until all legitimate modea of hunting and trappiog 
had proved in vain, until large prices set upon the heads of 
old and young had alike failed to compass their entire destniction, 
that by cutting down or burning whole tracts of the forest* 
which harboured them, they were at length effectually eitir- 

In the course of the fallowing remarks it is proposed to 
deal, first, with the geoli^cal evidence of the former existence 
and distribution of wolves in the British Islands; secondly, 
with the historical eridence of their sunivai and gradual 
extinction. 

Under the latter head it will be convenient to arrange the 
evidence separately for England and Wales, Scotland, and Ireland: 
and, as regards England and Wales, to subdivide the subject 
chronologically into (l)the Ancient British period; (2) the 
Anglo-Saxon period ; and (3) the period intervening between 
the Korman Conquest and the reign_ofIIeni:jr_VJI. 

In this reign, it is believedTtheTast trace of the wolf in 
England disappeared, since history thereafter is silent on the 
subject. In Scotland and Ireland, however, this was by no 
means the case, as, later on, we shall have occasion to show. 

Geological Etidencb. 
Owing to the great similarity which exists between the 
skeleton of a wolf and that of a large dog, it is sometimes 
extremely difficult for any but a good anatomist to distinguish 
between them. Professor Owen, in his "British Fossil Mam- 
mals," has remarked upon this difficulty, and has pointed out 
the chief distinguishing characters which may be relied upon 
for identification, and which lie chiefly in the sknll. 

So far as we have been enabled to collect the evidence, it 
would appear that undoubted remains of the wolf have been 
found in the following localities, for a knowledge of many of 
which we are indebted to Professor Boyd Dawkins' able paper, 
"On the Distribution of the British Post-Glacial Mammals," 
published in the Qua/rterly Journal of the Geological Society.* 

Brrkshhik— Windaor ^SIua. Geol. Survev), 

DbBbyshire.— Pleasby Vale (Mus. Geol. Survey); Windy Kuolt. 

Gftstlutoii (Dtiwkiiu, " Quart. Jouro. Qed. Sue," ixxi. p, 246, and 

xiiiii. p. 727) ; CresweU Crag Oaves (McUo and Bust, ■' Quart. 

Joura. Geol. 8oc." iitii. p. 684) ; Dawkiua, op. cif. lujL p, 243, 

and xxxiii. pp. 590 and OOS. 



' Set Vol. XiV. laOi), p. 102. 
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DSVOSBHIBX.— Bench Onve, Briiham (W, A. Sanford) ; Kent's Hole, 
Torquay (ilus. Geol. Soc., Mufl. Roy. CoU. Sui^., otid Mua. Oxford) ; 
Oreaton, DeBT Flymoutii (Brit. Mus, aod Mus. Oei>l. Soc. ; Owen, 

" Brit. Fos9. Mamm." p. 125). 
OuJIOBeuiBHIBE.— Gowor, Bacon's Hole (Mus. Swnnsea ; Falconer, 
"Pftlfflont. Mem." iL pp. 183, 325,340.340. 501): Bosco's IMa 

(Moa. Swanaea ; Falconer, torn. cit. pp. 610, 5«9) ; Grow Hole 

(Uiu. Swansea; Falconer, torn. cit. p. 619); Deborah Den {Mus. 

Swansea ; Falconer, lom. cit. p, 407) ; Long Hole (Falconer, torn. 

cit. pp. 400. 525, 536) ; Minchin Hole (Brit. Mus. ; Mus. Swant^s) ; 

Pariland (Mus. Oxford and Swanpea; Owen. " Brit, Fosa. Mamm." 

p. 124) ; Bavenscliff (Fftleooer, torn. cit. p. 519) ; Spritanil Tor 

(■' Id." pp. 179, 462, 477, 522). 
Ou>rcK3TERSHiBR.— Tewkesburj- (Owen, " Brit. Fosa. Mamm."). 
Ke(T.— Mur>;tCD,Sittin^bounie (Mua. Geol. Survey). 
>'oB>*LK,^Denver Sluice* (Mus. Geol. Cauibr.). 
OxiK>aiwKmB,— Thame (Coll. Codrin^on, "Quart. Jouru. Gwl. Soc." 

«. p. 374). 
SoKBK9BT9aiBE. — Benwell Cave ( W. Borrer) ; Blendon (Mus. Taunton) ; 

Uulton (Mus. Taunton) ; Sandford Hill (Mus. Tautitoti) ; Uphill 

fWus. Bath and Taunton) ; Wokey Hole (Mus. Oxford. Taunton, 

and Bristnl). 
SxTSBEI. — Brackleshsm fBrit. Mua. and Mus. Cbichester) ; Pevpnsejt 

("SusKX Arcbsol." Cull. luiv. p. 100). 
WtLTBHmB.— Vale of Kennet (" Sussex Archreol." torn. cit.). 
YoBSSHiKC— Bielbechs (Mus, York; "Phil. Mag," vol. vL p. 225); 

Kirkd»le (Brit. Mus., Mu«. Geol. Soc. and Roy. Coll. Surg.; 

BuckUnd, ■' Trans. Roy. Soc." 1822 ; Clift, id. 1823, p, 90). 

We have here a dozen counties in different parts of England 
Wales, north, south, east, and west, which show clearly 
tbeir poeition how very generally distributed the wolf must 
fonunly have been. 

The geological record, however, i» but an imperfect one in 
■ howing the distribution of the wolf in bygone times, for to 
the localities above mentioned might be added numerous 
olherE in which we know from history that this animal formerly 
abounded. The forest of Riddleadale in Northumberland ; the 
great torestfi of BlKckbumshire and Bowland in Lancashire ; 
Richmond Forest, Yorkshire; Sherwood Forest, Nottingham- 
fihire ; Savernake Forest, Wilts ; the New Forest ; the forests of 
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• A lawlacBpe by R. W. Fraaer " On the Ouie n 
«(^ibite<l at the Royal Academy 1877, No. 794. The locality is a few mUes 
tD iiuf Suuth of Dowabam Market, and juat below where the old and new 

run into the natural stream. 
_ t In laSl many skulls of wolves were taken out ol' a disused mediavj 
D M Ptorenaey Caatle. 
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Bere and Irwell, and many others are on record as former 
strongholds of these ferocious animals. To these we shall 
have occasion to refer later when dealing with the historical 
evidence. 

Unlike other extinct British animals, the wolf apparently has 
not deteriorated in size, for the fossil bones which have been 
discovered, as above mentioned, are not larger, nor in any way 
to be distinguished from those of European wolves of the pre- 
sent day. 

Historical Evidence— England. 

Ancient British Pet^d.—Dio Nicaeus, an ancient author, 
speaking of the inhabitants of the northern parts of this island, 
tells us they were a fierce and barbarous people, who tilled no 
ground, but lived upon the depredations they committed in the 
southern districts or upon the food they procured by hunting. 
Strabo also says (lib. iv.) that the dogs bred in Britain were 
highly esteemed upon the Continent on account of their excel- 
lent qualities for hunting, and these qualities, he seems to hint, 
were natural to them, and not the effect of tutorage by their 
foreign masters. Hunting the wolf appears to have been a 
favourite pursuit with these ancient Britons. Mempricius, who 
is supposed to have reigned B.C. 980, fell a victim in that 
J year to the wolves which he delighted to pursue, and was unfor- 
\ tunately devoured by them. Blaiddyd, another British monarch 
) (B.C. 863), who seems to have been learned in chemistry, is said 
' to have discovered the medicinal properties of the Bath mineral 
waters, by observing that cattle when attacked and wounded by 
the wolves went and stood in these waters, and were then healed 
much sooner than they would have been by any other means.* 
From this it may be inferred that wolf-hunting was found by 
the ancient Britons to be a necessary and pleasurable, yet 
dangerous, pursuit. 

We do not find, says Strutt,t that during the establishment 
of the Romans in Britain, there were any restrictive laws promul- 
gated respecting the killing of game. It appears to have been 
an established maxim in the early jurisprudence of that people, 
to invest the right of such things as had no master with those 
who were the first possessors. Wild beasts, birds, and fishes 
became the property of those who first could take them. It is 

* For this note we are indebted to Mr. John Hoare, who is at present 
engaged on a most interesting work called " Annals of the Ohase in the 
British Islands,'' and who has kindly fayoured us with a sight of such 
portions of his MSS. as relate to the wolf. 

nd Pastimes of the People of England.** 
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^Htpst probable that the Britans were left at liberty lo exercias I 
^HiBiT ancient privileges ; for had anv severity been exerted to 1 
|BRTent the destruction of game, such laws would hardly havct^ 
Kbeen passed over without the slightest notice being taken of 
tbem by the ancient historians. 

Anfifo-Saxoii Period. — Aa early as the ninth century, and 
doubtless long before that, a knowledge of hunting formed an 
essential part of the education of a young nobleman. A^ser, in 
his life of Alfred the Great, assures us that that monarch before 
he was twelve years of age "was a most expert and active 
banter, and excelled in all Ihe branches of that most noble art, 
to which he applied with incessant labour and amazing success." 
Hunting the wolf, the wild boar, the fox, and the deer, were the 
favourite pastimes of the nobility of that day, and the dogs 
which they employed for these various branches of the sport, 
were held by them in the highest estimation. 

Such ravages did the wolves commit during winter, particidiuly 
ia Jaounrv when the cold was severest, that the Saxons distin- 
guished that month by the name of " wolf month." 

*' The month which we now call January," says Verstegan, 
"they called 'Wolf monat," to wit ' Wolf moneth,' because 
people are wont always in that month to be in more danger to 
be aevoured of wolves than in any season else of the year ; for 
that, through the extremity of cold and snow, these ravenous 
ifr-atures could not find of other beasts sufficient to feed 
.|-.n."* 

The Saxons also called an outlaw " wolfs-head,"t as being out , 
■■:" the protection of the law, proscribed, and as liable to be 
killed as that destructive beast. " Et tunc gerunt caput lupi- 
iium, Ua quod aine judiciali inquimtiojie rite pffrea/Ht."i 

It is to the terror which the wolf inspired among our fore- 
fathers that we are to ascribe the fact of kings and rulers, in a 
harbarous age, feeling proud of bearing the name of this animal 
as an attribute of courage and ferocity. Brute power was then 
considered the highest distinction of man, and the sentiment 
was not mitigated by those refinements of modem life which 
timceal but do not destroy it. We thus find, amongst our . 
Anglo-Saxon kings and great men, such names as Kthelwulf, \ 
'Ibenohle wolf ;" Berthwulf,"the illustrious wolf;" Eadwulf, i 
•"the prosperous wolf;" Ealdwulf, " the old wotf."§ 

• " lUatitution of Decayed lotellit'cnce," p. 04 (ed. ]6r.l). 

* Aair. Snx. Widvftlififod, thBt ia, having the hend of a wolf. Tho term 
was in lue temp. Tlenry U. 

I BraAlofi, " De legibuB et consuetudinibiis AngluB," lib. iii. tr. ii. c. 1 1 
(IMB). See also Knighton, "De Evealjbus Ani;1i»," in Twysdeo's 
"Httlorin Anglicasfe Scriptcree Decdtn," p. 3366 (lt!o2). 

S Wulfere, King of MeicU (a.d. 660), had a md Wulfade. 
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» 

In Athelstan's reigD, wolves abounded so in Yorkshire that a 
retreat was built by one Acehom, at Flixton, near Filey, in that 
county, wherein travellers might seek refuge if attacked by 
them. 

Camden says : — " More inward stands Flixton, where a hos- 
pital was built in the time of Athelstan, for defending travellers 
from wolves (as it is word for word in the public records) that 
they should not be devoured by them."* When Athelstan, in 
938, obtained a signal victory at Bnmanburgh over Constantine, 
King of Wales, he imposed upon him a yearly tribute of gold, 
silver and cattle, to which was also added a certain number of 
"hawks and sharp-scented dogs, fit for the hunting of wild 
beasts."t His successor, Edgar, remitted the pecuniary pay- 
ment on condition of receiving annually from Ludwall % (or 
Idwal §), the successor of Constantine, the skins of three 
hundred wolves. || We do not find, indeed, that the hawks and 
hounds were included in this new stipulation, but it does not 
seem reasonable that Edgar, who, like his predecessor, was ex- 
tremely fond of field sports, should have remitted that part of 
the tribute.! 

It is generally admitted that Edgar relinquished the fine of 
gold and silver imposed by his uncle Athelstan upon Con- 
stantine, and claimed in its stead the annual production 
of 300 wolf-skins, because, say the historians, the extensive 
woodlands and coverts, abounding at that time in Britain, 
afforded shelter for the wolves, which were exceedingly numerous, 
and especially in the districts bordering upon Wales. By this 
prudent expedient^ in less than four years, it is said, the whole 
island was cleared from these ferocious animals, without putting 
his subjects to the least expense.** But, as Strutt has ob- 
served,tt " if this record be taken in its full latitude, and the 
supposition established, that the wolves were totally extermi- 
nated in Britain during the reign of Edgar, more will certainly 
be admitted than is consistent with the truth, as certain docu- 
ments clearly prove." The words of William of Mahnsbury 

• Camden, " Britannia," tit. Yorkshire, vol. ii. p. 902 (2nd ed.). 

t William of Mahnsbury, " Hist. Reg. Anglorum,*' lib. ii. c. 6. 

t Cf. Holinshed's " Chronicles," Vol. i. p. 378 (4to. ed. 1807). 

§ Cy. Camden's '^ Britannia," tit. Merionethshire, torn. ii. p. 785. 

II William of Malmsbury, op. cit. lib. ii. c. 8. 

II Stnitt, ** Sports and Pastimes of the People of England." 

** It is singular that the same expedient has been resorted to in modem 
times, and with considerable success. In the accounts of Assinniboia, Red 
River Territory, there is an entry of payment for wolves' heads ; and in 18G8 
the State of Minnesota paid for wolves' scalps 11,300 dollars, at the rate of 10 
dollars apiece. 

tt '" Sports and Pastimes of the English People.' 
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on the subject are to this effect, that ^^ he, Edgar, imposed a 
tribute upon the King of Wales, exacting yearly 300 wolves. 
This tribute continued to be paid for three years, but ceased 
upon the fourth, because ' nullum se ulterius posse invenvre 
yrofessus^ ' it was said that he could not find any more.' " * 

'' Cambrians proud Edngs though with reluctance paid 
Their trihutaiy wolyee, head after head, 
In full account, till the woods yield no more, 
And all the ravenous race extinct is lost.^ 

But this must be taken to refer only to Wales, for in the first 
place it can hardly be supposed that the Welsh chieftain would 
be permitted to hunt out of his own dominions, and in the next 
place there is abundant documentary evidence to prove the 
existence of wolves in England for many centuries later. 

Holinshed, who gives a much fuller account, says \\ — " The 
happie and fortunate want of these beasts in England is 
vniuersallie ascribed to the politike gouernment of King Edgar, 
who to the intent the whole countrie might once be clensed 
and clearelie rid of them, charged the conquered Welshmen 
(who were then pestered with these rauenous creatures aboue 
measure) to paie him a ye^rlie tribute of woolfes skinnes, to 
be gathered within the land. He appointed them thereto a 
certaine number of 300, with free libertie for their prince to 
hunt and pursue them ouer all quarters of the realme ; as our 
chronicles doo report. Some there be which write how Ludwall, 
prince of Wales, paid yearelie to King Edgar this tribute of 
300 woolfes, whose carcases being brought *into Lloegres, were 
buried at Wolfpit, in Cambridgeshire, and that by meanes 
thereof within the compasse and terme of foure yeares, none of 
these noisome creatures were left to be heard of within Wales 
and England. Since this time, also, we read not that anie 
woolfe hath beene scene here that hath beene bred within the 
bounds and limits of our countrie : howbeit there haue beene 
diuerse brought over from beyond the seas for greedinesse of 
gaine, and to make monie onlie by the gasing and gaping of 
our people vpon them, who couet oft to see them, being strange 
beasts in their eies, and sildome knowne (as I haue said) in 
England." 

The learned Dr. KayJ acquiesced in the vulgar opinion of 

• " B5st. Reg. Anglorum," lih. ii. cap. 8. See also Wynne's " Oaradoc," 
p. 51. 

t " Chronicles of Engl., Scot., and Irel.'' (ed. 4to. 1807), Vol. i. p. 378, 
bk. iii. chap. iv. '' Of Savage Beasts and Vermines.'' 

\ '* Joannis Caii Britanni ' de Oanibus Britannicis ' Liher unus. De 
rariorum animalium et stirpium Ilistoria.'' Londini, per Gulielmum 
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%L\ ^'KX OEi hrrl^h ^^^ pablisbed in IoTCl ^7>sESf2fr itf ^^ 
%kifi:fy^p^ ' Fax^/m},>jii ^ be sari: *^ Sm.id f»4 #crv-c.iiC £*> 

jrx/r< ywrn U//irfofA n/MJtirum la Anglia rw*if» l^i^mJ^ 

T>j#? wortiiT d<Krt/>r «3em5 Uf have been linle a-B^r* zL\z rTrn 
at ih^ date at vhicb be wrc^e wolves §131 existed in lae BriTi?n 
IttUbd*. P^^narit. referring to tbe received opinion iLa:: a gr^eat 
part of the kingdom wa< freed from wolves tbrougt& iLe ex- 
ertj'/rju of Kifig Edgar, says : — " In England he attiraitcd to 
':ffe/-t it bv <y>rrjmTiting the panishments for certain crime? into 
thfi a/:/^;j/tarjce of a niiml/er of wolves" tong-jes fr:-m eaoh 
crirrjinal ; in Wales bv converting a tax of gi>Id and silver int*: an 
annual tribute of 300 wolves' heads. Notwithstanding his 
endeavours, however, and the ai?sertion« of some aot:.ors to ir.e 
contrary, faiii fscherne proved abortive.^"* 

We liave lat/rlv met with a statement to the eflFect th:a: -i^o 
wf^tdim wolve«' h'^s etill remain near Glastonbury on an 
ancient boms'; where [query, on the site of which] :it Eadgerly, 
King Kadg^r live^l and received annuaUv his tax frv>m the 
Wel>.h in 3<X> hea/lK-^t 

ThiH fttatemr^t, however, cr^nflicts somewhat with that of 
Kolinshed, who says that "the carcases being brought into 
Llofjgrf^, were buri^ at Wolfpit in Cambridgeshire-^ J 

fn the Frjrest I^ws of Canute, promulgated in 1016, the 
wolf is thus expressly mentioned : — " As for foxes and wolves, 
they are neither reckoned as Ijeasts of the forest or of venery, 
and therefore whoever kills any of them is out of all danger 
of forfeiture, or making any recompense or amends for the 
Kime* Nevertheless, the killing them within the limits of the 
forest is a breach of the royal chase, and therefore the offender 
shall yield a rr;com[>ense for the same, though it be but easy and 
g(fntle.''§ 

It was doubtless to this constitution that the Solicitor-General 
St. Jolm referred, at the trial of the Earl of Strafford, when be 
said, " We give law to hares and deer, because they are beasts 

HtiTiiHinm, 8vo. 1570. There is a tranelation of this work in the British 
MuMjuni, entitled, ^'OfEnglishe Dogges, newly drawn into English.'' By 
Abraham Fleming, Student. London. 4to. 1576. 

• "BritiHh Zoology," Vol i. p. 88 (1812). 

t "SuMox Arehwol. Ooll." Vol. iv. p. 83 (1861). 

X " Ohronicles," Vol. i. p. 378 (4to. ed. 1807). 

S <SMManwood*t <' Forest Lawe." The Charter of the Forest of Canutus 

ihm TWqa (J 27). 
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36 ; but we give no law to wolves and foxes, because they 

asts of prey, but knock them on the head wherever we 

lem. 

Iphus, a dean of Whalley in the time of Canute, was 

ited as a wolf-hunter at Rossendale, Lancashire." f 

thew Paris, in his " Lives of the Abbots of St. Albans," 

>ns a grant of church lands by Abbot Leofstan (the 12th 

o( that monastery) to Thumoth and others, in consider- 

»f their keeping the woods between the Chiltem Himdreds 

3ndon free from wolves and other wild beasts. 

ould seem that the " ancient and accustomed tribute " 

the English kings was repeated by the Welsh princes in 

Ty last years of the Anglo-Saxon monarchy. It was 

ded by and rendered to Harold. 

• Clarendon, " Hist. Reb." fol. ed. i. p. 183. 
t Whitaker's « History of Whalley," p. 222. 

(To be continued.) 
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OX THE INTERPRETATION OF SOME EXPERIMENTS 
RELATING TO THE INDUCTTV^E EFFECT PRODUCED 
BY THE ROTATION OF A MAGNET ON ITS AXIS. 

Bt S. T0L\T:R PRESTON. 



1. A CURIOUS and interesting question is raised by some experi- 
ments of Faraday, described in the " Philosophical TransactioDS," 
in regard to the inductive effect attendant on the rotation of a 
magnet on its axis. Fai-aday appears to have considered that 
experimental results rendered it necessary to draw a distinction 
between the motion of rotation and the motion of translation 
of a magnet, in regard to the behaviour of the system of force 
about it; for he says ("Phil. Trans." 1852, p. 31), "When 
lines of force are spoken of as crossing a conducting circuit, it 
must be considered as effected by the translation of a magnet. 
No mere rotation of a bar magnet on its axis produces any in- 
ductive effect on circuits exterior to it. The system of power 
about the magnet must not be considered as revolving with the 
magnet, any more than the rays of light which emanate from the 
sun are supposed to revolve with the sun. The magnet may even 
in certain cases be considered as revolving amongst its own forces, 
and producing a full electric effect sensible at the galvanometer." 
2. At the first sight it will appear theoretically a strange con- 
clusion (and Faraday himself designates it afterwards as " sin- 
gular ") that the above distinction between a motion of rotation 
and a motion of translation should hold. For even if we take 
the above illustrative case of the sun, it must appear evident (as 
regards the light emitted from any luminous portion of the sun) 
that any effect that was produced by the translation of that 
luminous portion through space would equally be produced by 
the rotation of that same portion about the axis of the sun, for 
rotation is simply translation in a circle. So by the rotation of 
a magnet on its axis, its constituent parts are translated in 
circles. It would therefore seem necessarily to follow theoretically 
that any law that applied to the translation of a magnet would 
equally apply to its rotation. It is an observed fact that by the 
translation of a magnet, the inductive effect produced on 
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HRnal conductors is precisely tlie same as if those conductors I 
itere themselves translated wiih the same relative velocity past J 
the stationary ma^et, or the effect simply depends on relativB 1 
motion. It would therefore seem a necessary inference that the I 
effect by the rotation of a magnet also depended on relative \ 
motion, or that the inductive effect on any eirtemal conductor I 
would be thp same whether the conductor were moved past the I 
periphery of the magnet, or the periphery of the magnet were 
(conversely) moved with the same relative velocity past the con- 
ductor (by the rotation of the magnet on its axis). 

3. Faraday, however, appears to have considered that experi- 
taental results opposed this inference, for he concluded (as stated 
is the above quotation) that while the rotation of the conductor ■ 
about the magnet produced an inductive effect on the conductor, ' 
the same relative motion of the magnet to the conductor (when j 
the magnet rotates on its axis) produced no inductive effect on 
the conductor. The experiment on which this conclusion was 
grounded was as follows ("Phil. Trans." 1832, p. 183):— A \ 
circular disk of copper d (fig. 1) was rotated on its axis above 
the pole of a cylindrical bar magnet m. A wire w 
(in whose circuit a galvanometer — not shown — was Fiy, i, 
placed) had one end maintained in eliding ci>ntact with 
the edge of the disk, and tlie other with the centre of 
the disk. It was found that the current given off by the 
rotation of the disk, and pasoing through the wire w, 
wag precisely the same whether the magnet in addition 
wag rotated on its ajus in either direction, or remained 
stationary. Hence it waa concluded that the rotation of the 
tnAgnet on its aiis produced no inductive effect on the disk, or ' 
(generally) that a rotating magnet could produce " no inductive 
effect on conductors exterior to it." Faraday adds, after a second 
perfectly similar experiment to the above with a cylindrical copper 
cap instead of a disk (p. 184) — "Thun a singular independence 
of the magnetism and the l^r in which it resides is rendered 
evident." In other words, it was inferred that the system of 
force about the magnet could not be regarded as partaking of 
the motion of the magnet and crossing external conductors, 
when the magnet rotated on its axis. It will be observed that 
this necessarilv involves the conclusion that, although the syst«m 
of force emanating from the periphery of a magnet admittedly 
ehare)! the motion (so as to cross external conductors) when the 
periphery is moved in the act of traTislaiion of the magnet, yet 
that it does not do so when the periphery is moved in the act of i 
tiibition of the magnet on it^ axis. It is difficult to see how 
lhi« ronclusion could be theoretically consistent, for what dis- j 
tinction can be logically drawn between a motion of rotation 
and one of translation in this case, as by the rotation of a mag- 
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net on its axis its periphery is translated in a curve, and evi- 
dently a different law could not apply to the behaviour of the 
system of force according as to whether it is translated in a 
curved or in a straight line. We should have considerable diffi- 
dence in criticizing anything put forward by so eminent an 
authority, but scientific truth is admittedly paramount, and no 
one would claim immunity from an oversight. We think it 
may be distinctly shown that the above is an oversight resting 
upon the rather curious accident that the particular experiment 
tried admits of a double interpretation. 

4. Thus if we make no distinction between the behavioiu* of the 
system of force whether the magnet is translated or rotated, or 
assume that the system of force about the magnet is invariably 
at rest relatively to tlie magnet^ then by the rotation of the 
magnet on its axis the system of force accompanying the magnet 
will cross both tlie wire w and the disk d, thereby tending to 
generate a current in them both in opposite directions — so that 
there will be no actual current at all. This is therefore why 
the magnet when rotated in either direction produces no differ- 
ence in the results. The final result is the same, not because 
the rotating magnet produces no inductive effect, but because 
the inductive effects upon the wire and disk oppose each other ; 
or the rotating magnet causes an electric disturbance both in 
the disk and in the external wire in such a way as to produce a 
balanced static charge, so that no current is possible. To prove 
that the inductive effects in the disk and wire exactly balance 
each other, it is only necessary to rotate the disk and wire toge- 
ther through the lines of force of the stationary magnet, when 
there will be (as is known) no current in the circuit made up of 
the disk and wire, the effects in the disk and wire therefore 
exactly opposing each other. So therefore it becomes clear how 
the rotation of the magnet on its axis can make no difference in 
the results ; and therefore the experimental result does not 
warrant the above singular distinction drawn in regard to the 
behaviour of the system of force when a magnet rotates on its 
axis. This distinction would indeed itivolve the conclusion that 
there is no inductive effect on the disk when the magnet rotates 
below the disk, but that there is an inductive effect when the 
disk rotates above the magnet, i,e. that tlie effect is different 
when the relative motion of the disk and magnet is the same, or 
in other words, that the inductive effect would depend on abao^ 
lute and not on relative motion. This is negatived by the 
behaviour of the helix, whose inductive influence depends (as is 
known) on relative motion ; and the same with electrodynamic 
phenomena generally. It would therefore be strange that the 
magnet when rotated on its axis should form an exception to the 
general law, and we think that after it has been shown that the 
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B experiment admits of just interpretatioo consistent with 
tlie foct tb&t the inductive effect depends on relative motion, no 
one will doubt that this is really the case. However, the point 
may be independently proved from other considerations, 

I. In experiments bearing on this question ("Phil.Trans." 1 852, 
p. 30),a compound magnet was used, consisting of two rectangu- 
lar bar magnets placed side by side with a slight interval between 
them (as !ihown in cross section, tig. 2). The two ma^ets were 
rotated about a common axis x. Now if we take a purely 
theoretic view of this question, and suppose one bar to be ^"B' "• i 
removed, then it will be evident that by the rotation of i— ii— i 
the other about the axis x (now external), the centre of [j[J 
gravity of the bar will be translated about that axis, in 
which case it is admitted that the lines of force partake of the 
motion of the bar and would intersect any external conductor, pro- 
ducing an inductive effect on it. I^et now the other magnet be 
added, and the same holds true of it, i.e. its lines of force partake 
of its motion and intersect any external conductor ; and we there- 
foie have now the entire compound bar rotating on its axis, and 
its line«of force partaking of its motion and intersecting external 
conductors. This must be sufficiently clear, and if we discuss the 
matter further, it is with the view rather to consider some facts 
possessing a certain novelty in their aspects than to add proof to 
the above conclusion. 

n. Let \\s suppose one of the above magnets (fig. 2) to be 
again removed, and the remaining one to be made to revolve \ 
about the external axis x, a copper disk being placed cone 
trically above this axis. Then by the excentrio rotation of the 
magnet about the external axis x, the centre of gravity of the I 
magnet is traiialated past the diak, so that the lines of tbrce of i 
the magnet intersect the disk and generate ciurents in it, which 
dLscbarge themselves in the portion of the disk remote from the 
pole of the magnet. But if the second magnet be now added, 
the diak will then (by the rotation of the compound magnet) be 
continuously and symmetrically covered by the pole of the com- 
pound magnet, so that the currents have nowhere to discharge 
themselves. There is therefore no effect of a current in the disk 
observed. This is, however, no proof of absence of inductive 
effect on the part of the rotating magnet ; but from the very 
hct that the cmrents t«nd to be generated equally along all the 
ndii of the disk, no back flow is possible, but the centre and 
circumference of the disk are simply charged up with electricity 
of opposite sign. If a wire be made to connect the centre and 
circumference of the disk, the accumulated electricity cannot 
leharge itself through the wire, because tkeivireitaelf is acted 
tby the rotating magnet in the same way as the disk, and no 
"large ia possible. The disk in this case is charged in pre- 
, VOL. //. — no. 7. r 
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cisely the same way as it would be if (conversely ) it rotatt^ 
the magnet were at rest, or the effect depends simply on rdatict 
not on aheolute motion. 

III. The consideration of action and reaction also proves thi 
same point. If a copper disk be oscillated alwut its owe 
centre (i.e. be made to rotate in alternate directions about ib 
centre) above and parallel to the flat surface of the pole of 1 
magnet, and concentric with the maj^net's axis, radial ciuTenti 
will (as is known) be generated in alternate directions in tbi 
disk at each alternate oscillation of the disk, i.e. the disk will Ix 
charged at its centre and circumference alteroately positiTelj 
and negatively. This alternate flow of electricity between thi 
centre and circumference of the disk will tend to damp tlu 
oscillations of the disk, or to bring it to rest. Now on the prin- 
ciple that action and reaction are equnl and contrary, the actic 
between the magnet and disk must be TftWiiW, and therefoi 
the magnet, if freely suspended, would tend to be thrown into 
oscillation ( about its axis) by the oscillations of the disk ; i 
the magnet were (conversely) itself artificially put in osdllation, 
tile magnet would tend to put the disk in oscillation. But thi 
magnet could not do this unless, by it^ rotation on its axis, v 
jiToduced an i/nductive effect on the disk. The principle of action 
and reaction therefore affords additional confirmation of the feet 
that the rotating magnet has an inducttvt! effect on the disk. 
IV. Irft Ns (fig. 3) represent a spherical magnet suspended 
as to rotate freely inside a metallic ring (a slight interval exist- 
ing between the ring and the magnet), the axis of rotation of 
the magnet being ptfrpejic^u-'Mtor to the magnetic axis us. Then 
it is an accepted fact that a current (in- 
Pig. a. dicat«d by the arrows) will flow round Kg. ♦. 
the ring by the rotation of the magnet, | 

the direction of the current reversing 
itself at each semi-revolntion. The lines I 

-^^^ of force of the rotating magnet therefore j^^^St 
K~ ^\ intersect the ring, precisely as they -n 1 j. 
^T Jj would do if (conversely) the magnet «^A^ 
^**— ^ were at rest and the ring rotated through * 

the lines of force of the magnet. If now 
the magnet be rotated about its ma-gtietie axis ss (fig. 4), eoiv 
rents will also be generated, charging np the ring statically in 
the manner indicated in the figure, the sign of the electricity 
being opposite at the polar and equatorial parts of the ring (the 
charge being permanent so long as the magnet rotates). If 
the existence of this inductive effect be not admitted, then it 
would be necessary to conclude that the lines of force emanat- 
ing from the magnet, intersect the ring when tlie magnet is 
rotated about one axis (fig. 3), but Dot so when the msgoei 
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u rotated about anotber axis (fig. 4) ; i.e. that tbe syBtem 
«f force about tbe magnet obeys one law when the magnet is 
rotated about one asis, but a different law when it is rotated 
alMut an axis perpendicular to the former; which is evi- 
dently quite untenable. Indeed it must be perfectly clear that 
we have here simply a case of relative motion, or the inductive 
effect is the same as if (conversely) tbe ring were made to rotate 
about tbe fixed magnet, when, as a krunvn fact, the ring would 
be charged up in tbe manner indicated. To assume that a 
magnet when rotating on its axis produces no inductive effect, 
would be to assume that when the magnet rotates inside the 
ring, there is no effect on the ring, but when (conversely) the 
ring rotates about the magnet, there is an effect on the ring, 
i.e. that the result is different while the relativa motion is the 
Bfxme, or that the result depends on the abaolute motion of the 
rin^. How it is an admitted characteristic of electro-dynamic 
phenomena to depend on relative and not on aisolute motion* 
Moreover, to suppose that it made no difference whether the 
magnet was rotated or not, would involve the assumption that 
when magnet and ring rotate togeth&r with the same velocity, 
and therefore there is relative rest, the effect ia the same as 
when the ring only rotates, or there is relative inotion. These 
are therefore some of the inconsistent conclusions to which the 
above hypothesis necessarily leads, and which thereby prove the 
hypothesis to be untenable. 

V. From the hypothesis that the system of force of a rotating 
magnet does not partake of the motion of the magnet, it fol- 
lowed as a neceswiry conclusion that when a magnet rotated on 
its axis, it revolved through its own ayatevi of force, producing 
an inductive effect on itself, charging itself statically at the 
polar and equatorial parts with electricity of opposite sign. Thus 
the earth being a magnet, it was considered that tbe polar and 
equatorial parts of the earth must be charged up with electricity 
of opposite sign, hy its rotation on its axis, and the surmise was 
thrown out (merely as a dependent suggestion) that the electric 
phenomenon of the Aurora Borealis might have some connection 
with this (" Phil. Trans." 1832, p. 177). The same conclusion 
was also arrived at by M.Pliicker and published in "PoggendorfTa 
Annalen" (1852, p. 357) in a paper — "Ueber die Reciprocitat 
der elektromagnetischen und magnetoelektrischen Erscheinun- 
gen." M. Pliicker describes a number of experiments with 
correntfi in support of his view that a magnet charges itself Up 
by its own rotation ; but since all his experiments in principle 
resemble the first one described (with the rotating disk), and 
since he has overlooked precisely the same fact as that pointed 
out (tlie same oversight affecting all bia experiments alike), it 
will be unnecessary to refer to these experiments heie. 
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Since we have shown that no distinction can lojfically be drawn 
between a motion of rotation and one of translation in regard ta 
the behaviour of the lines of force about a magnet, but that the 
lines of force must be regarded as accompanying the magnet 
wkaievtT the natnre of its motion (i.e. the system of force must 
be regarded as at rest relatively to the magnet), so therefore no 
static charge can ensue by the rotation of the earth on its asia ; 
the system of force about the earth being relatively to it at, rest 
There may be one point that may be worth noticing here. The 
tides form two elevated protuberances of wafer which do not 
partake of the earth's rotation, and therefore virtually rotAte 
through the lines of force of the earth. For our purpose the 
tide may be regarded simply as a stationary ring or belt of water, 
within which the earth rotates. The inductive effect being de- 
pendent on relative motion {not on aiBolute motion), the sa; 
inductive effect is therefore produced upon the belt of water 
if the earth were at rest and the belt of water revolved with the 
same relative velocity round the earth. It follows therefore that 
this belt of water will be inductively influenced in such a way 
that the parts of it lying near the equator are charged up witi 
electricity of opposite sign to the parts lying near the poles. 
This may therefore constitute a tnie cause for a disturbance of 
the electric equilibrium, and which would not exist if it were not 
for the tides. 

VI. As a final illustration of the truth of the point con- 
tended for, it may be observed that it is an accepted fact 
that the magnet and the helix are perfectly analogous in 
their fundamental properties. Now it is well known that the 
inductive influence of currents upon each other depends on 
relatwe, not on ahaolute motion. So then when a helix (or 
simply a single circular current) rotates on its axis, the rotating 
helix produces (admittedly) upon external conductors an in- 
ductive effect, precisely the same as would be produced if the 
helix were at rest and the conductors were (conversely) made to 
revolve with the same relative velocity abotit the helix, or it is 
only a question of relative motion. So therefore (by analogy), 
when a magnet rotates on its axis, it produces the same induo 
tive effect on external conductors, as if these conductors were 
themselves caused (conversely) to revolve with the same relative 
velocity alxiut the stationary magnet, or it is here aliio only a 
question of relative motion. 

5. This method of viewing the case serves to simplify the 
phenomena of Electro-magnetic Rotation by correlating then 
under cyne cause, instead of regarding the mode of action as 
different in the two cases, first, when the magnet rotates on 
its axi^s, and, second, when, conversely, the portion of the 
circuit rotates about the magnet. Thus to take the example 
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fig. 5, which represents in its simplest form the well-known 
apparatus for generating an electric current &om the relative 
motion of a magnet and a portion of a circuit; or 
(conversely) for developing a movement of rotation by Fig, 6. 
means of a current introduced into the circuit. It con- 
sistA simply of a map;Det and a wire, W, the wire being 
BO arranged as to be capable of rotating about the 
magnet, with its ends maintained (by convenient means) 
in slipping contact with the polar and equatorial parts 
of the magnet. By this arrangement of the wire, what- 
ever its shape or length, it cuts {sb is known) by one 
revolution all the lines of force of the magnet. Here a current 
may be generated either by rotating the wire about tlie magnet, 
or by rotating the magnet on its axis, in both which caees the 
relative laotuni. u/ the wire and magnet ia the eti'me,&nd there- 
fore the cause of the current the same. It was here supposed, 
however, in accordance with the hypothesis adopted, that the 
cause of the current was d/ifferent in the two cases. When the 
wire rotated about the magnet, it was admitted that the current 
was due to the intersection of the external lines of force of the 
magfnet by the wire. When, however, the magnet rotated on 
its axis, the current was supposed to be due to a different cause. 
It was here supposed (according to the hypothesis adopted) that 
the rotating magnet intersected its own system of force, becoming 
charged up statically at the polar and equatorial parts, and that 
the wire, w, led off this charge — that this, therefore, was the 
cause of the current in the wire w. This, therefore, it may be 
observed, makes a difference in the mode of action in two cases 
where the relative motion is the same. This, however, need 
not be done, for regarding the system of force about the magnet 
as accompanying the magnet whatever the nature of its motion 
( i,e, the system of force as invariably at rest relatively to the 
magiiet)y it follows that wlien the -magnet rotates on its axis, 
its system of force accompanies it and intersects the wire w, 
thereby generating a current in the wire, precisely as it did 
when (conversely) the wire, w, was made to intersect the system 
of force (by the rotation of the wire about the magnet). Thus 
the effects in both cases become correlated under wte cause., viz., 
the relative motion of the wire w, and the system of force of 
tJie magnet. The eingular distinction dratvn when the magnet 
rotates on its axis is therefore shown not to be necessitated by 
the experimental facts, 

6. Taking now the reverse case, when the current of a battery 
is applied either to cause the external wire, w, to rotate about 
the magnet, or to make the magnet rotate on its axis, the 
batt<>ry current being made to traverse the circuit made up of the 
magnet and external wire, w. Here, also, evidently the same con- 
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sideratiuns must apply, or there is no oeceasity to di»w a dis- 
tinction in the mode of action in the two cases when the magnet 
rotates (on its axis), and when the wire rotatea about the 
ma^et, but the effect ie simply one of relative motion. When 
a current is transmitted through the circuit ; the wire, w, reacts 
upon the system of force of the magnet, and both the magnet 
and the wire thereby tend to be propelled in opposite directions 
(or the action is Tnutual). Whether therefore the magnet 
rotates (on its asia) or the wire rotates about the magnet, 
merely depends on which is free to move, and therefore the 
rotation is due to the eauie cause in both cases, i.e. to the 
mutibol reaction between the wire, W (traversed by a current), 
and the external lines uf force of the magnet. On the other 
hand, the hypothesis that a rotating magnet and its system of 
force were independent of each other, necessarily would involve 
the assumption that there can be no reaction between the 
external wire and the magnet, which leaves us the only i 
maining conclusion that the magnet is caused to rotate by the 
portion of the cuiTent within itself. Here we encounter the 
difficulty of a current within a body causing the rotation of 
that body without any external object for the current to react 
upon. This difficulty disappears at once on the view (already 
enunciated) that the rotation of the magnet on its axis is due 
to the reaction between it and the exteituil wire, or to the 
eame cause as the rotation of the wire (conversely) about tha 
magnet. This view also brings the properties of the magnek 
into agreement with those of the helis (as in accordance with 
Ampere's theory); for it is well known that the rotation of a 
helix ou its axis is solely due to the reaction of the extenud 
portion of the circuit upon the helix. 

7. In connection with this subject, the following experiment 
was made ("Phil. Trans." 1852, p. 33). A magnet had a por- 
tion of wire rigidly attached to it in the form of a loop (as ii 
fig. 5), and magnet and wire were rotated tether, when n 
current was found to exist in the circuit made up of the magnet 
and wire. This residt was accounted for as follows, on the 
same hypothesis. When the magnet and attached wire rotated 
together as a whole, the maguet was supposed to rotate through 
its own system of force, thereby becoming charged up statically i 
the wire was supposed to rotate through the external system 
of force of the magnet (the wire also becoming charged up 
statically), the magnet and the wire thus tending to generate n 
current in opposite directions, so that this was assumed to be th< 
cause why no actual current was produced. The observed resull 
may however be simply explained on the consideration tlmt 
when the magnet and wire are rotated together, and rigidly 
attached, the two are rdatively at rest, and therefore oo^induo' 



WFSCTB or BOTATIOir OF MiOmiTS. 71 

tive effect is produced ; not therefore that two disturbances of 
the electiie equilibrium exist in the wire and magnet, and 
oppose each other, but tbat do inductive effect at all is produced 
(there being no relative motion). In this respect also the 
magnet and the helix agree. For it is well known in the case 
of a helix traversed by a ciurent, if a conductor of any shape be 
rigidly fastened to the helix and rotated with it, no inductive 
effect whatever will be produced, simply because the two are 
relatively at rest. It may be observed that it is here the case 
of one and the same hypothesis affecting all the results we have 
considered, for as soon as it was believed that the experimental 
resnJts necessitated the above hypothesis, it necessarily (tti be 
consistent) influenced the theoretic deductions throughout. 
The hypothesis arose, as is sufficiently evident, from a simple 
oversight, or from not observing the rather curious fact that the 
experiment, on which it was based, admitted of a dovhle inter- 
pretation. 

8. To summarize the conclusions therefore : — 
I. When a magnet rotates on its axis, it produces an induc- 
tive effect on bodies external to it. This inductive effect la the 
same as if the external bodies y^er^ themselves (conversely) 
caused to revolve with the same relative velocity about the fixed 
magnet. The action of the helix agrees with that of the mag- 
net in this respect (i.e. in the effect being dependent on relative 
motion). 

IL A rotating magnet does not produce an inductive effect 
on itself, i,e. does not become statically charged. The system 
of force about the magnet must be considered as at rest relatively 
to the Tnagnet, and this holds true whatever the nature of the 
motioo of the magnet (whether rotatory or translatory). The 
system of force about the earth (as a rotating magnet) must 
therefore be considered as at rest relatively to the earth, so that 
the earth cannot become statically charged at the poles by its 
rotation. On the other hand in the case of the tides, when 
there is relative motion (in regard to the earth), an electric dia- 
tnrbance may thus be brought about. 

HI. The inductive effect produced by the movements of 
magneto and external conductors depends solely on relative and 
Dot on ahsolute motion, and this holds true independently of 
the nature of the motion of the magnet (whether rotatory or 
translatory). In this the helix agrees with the magnet, inas- 
much a* the inductive effect produced by a helix depends on the 
^liitive motion of it to external conductors, and no exceptioa 
I ■ to be madn to this, whether the motion of the helix be 
■atory or translatory. 

iV. So then, when a magnet and an external conductor 
>'jidtjf attached to it are rotated together with whatever 
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ab8(>lAJi;U velocity, there is no iDductive effect, because the two 
are relatively at rest. It follows therefore that in such a case 
the two are not charged up statically by the rotation in such a 
way as to tend to produce currents in opposite directions, but 
no effect at all is produced. 

v. In the apparatus for producing Electromagnetic Rotation, 
the effect depends merely on the relative motion of the magnet 
and the external portion of the circuit, and the case when the 
magnet rotates on its axis makes no exception to this law. 
When the magnet rotates on its axis, or when (conversely) the 
external portion of the circuit rotates about the magnet, the 
mode in which the effect is brought about is the aa^nej and is 
dependent on relative motion. 

9. All the conclusions above summarized apply admittedly to 
the helix, and therefore to demonstrate them to apply to the 
magnet is only to reconcile completely two cases where the 
fundamental properties have been generally considered as iden- 
tical; but which however could not be reconciled with each 
other, unless the above supposed distinction when a magnet 
rotates on its axis could be explained away. 

10. Of course on the adoption of Ampere's theory of magnet- 
ism, all the conclusions above siunmarized necessarily apply to 
the magnet, since this theory was propounded on a recognition of 
the identity of the properties of the magnet and helix, founded 
upon observation. Faraday, who apparently considered that 
experiment compelled the adoption of the above exceptional 
hypothesis in the case where a magnet rotates on its axis, suid 
which he himself designates as ^^ singular ^ (opposing as it does 
the generalization of the properties of the magnet with those of 
the helix) — ^would no doubt have been ready to abandon the 
hypothesis, had he observed that such a course would be con- 
sistent with a just interpretation of the experimental results. 
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BTUTISII BARROWS.' 



r[8 eswllent work contains a fuU Bccount of the e 
than two hundred and thirty eepulchral moundg,belongiiig' to some period 
before Ibe occupnlion of Britnin by the Romans. The barrows, examined 
br Cnoim Greenwell hjmielf, were principally (123) on the Wolds of the 
Eaat Ridlu)r of Yorkshire ; but aomo were in the North (S7) luid West (3) 
Riding!^ two in Cumberlnnd. several in WeatraorBlnnd (19) and Norfhum- 
betiaad (SI) ; one in Duibam, and tiTe in GlouceBtersbtre. In preliminary 
okeTfalioDS on each district in which tbeae mortuary mounds occur, the 
•albor has giyen some account of the natural characters of the soil, and of 
diicoTeriea made by other explorera. An elaborate tdble, occupying pages 
456-478, sbows the JoctUiUes of these barrows, the nature of tbe interments 
in them, whether primary or secondary, placed in a (trave or not, and burnt 
or onburnt ; also the position of body, aiid the nature and material of the 
weaponH, impiemenls, vessels, pins, buttong, and OTDomentB, depomt«d with 



The description of fourteen L<ynff Sarrowt, opened by the author in 
Yotkshire, Westmoreland, and Gloucestershire, follows ; with special treat- 
tnent of the characters and probable history of these peculiar sepulchres. 

Bsaod on tbe varied and accurate knowledge of detmls obtained in this 
cwefnl opening' of tumuli, and enlarged by extensive I'Gitding, and by Iriendly 
btimKy with antiquaries at home and abrofld, an Introduction, eonipria- 
ing what is known about those and other mounds, precedes the descriptive 
record of the exenvations. Of the many interesting subjects treated of in 
tUs r^tum^ of what is known of the old Flint-folk and Bronze-people «f 
Yorkabire, tlie following are fin<t discussed: — the form and materia) of the 
buToWB, the stone drclea enclosing them, the circular boles in their floors, 
the Hint flakes and pot^erda so abundantly mixed .with tbeir heaps, — the 
mannvr of burial of the corpse on the ground, in hollows, or in cista, — of 
liumt bodies in urns or otherwise, — succesdve burials in the same barrow, — 



* " Britisb Barrows: A Record of the Examination of Sepulchral 
Mounds in various parte of England, by William Greenwell, M.A., F.S.A. 
Together with deecriptiom^ and Hgures of skulls, general remarks on Pre- 
Ualoric Crania, and an appendix, by George Rolleaton, M.D., F.R.S." 8to. 
'"' ' a Vnm" Oxford, 187", With numerous wood engravings. 
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the podtion of the hody (ustudly on the aide and contracted with knees and 
hands near the chin), and the direction of the head. 

The occurrence of charcoal in graves with apparently nnhnmt bodies is 
accounted for by the supposition that the idea of the necessity of bomiDgi 
as a rite, or the passing the body through fire, the Purifier, sunived the 
practice of actual and perfect cremation, just as atpenium takes the place of 
complete immersum in some forms of baptianL 

Traces of personal dress in the burials are rare, but suffident to render it 
probable that the body was interred in its clothes or in some kind of shroud. 
Bemains of woollen and leathern garments haye been met with ; but more 
frequently there are dress-fasteners, such as bone-pins, buttons of jet, stonej 
and bone, also jet and bone rings or loops, round or oyal, to hold bands or 
belts together, besides the pins, brooches, and armlets of bronxe in the 
barrows of later date. 

Oarefolly prepared flint weapons and tools, and highly polished stone 
axes are well known to the mound-diggers. Indeed, our author states that 
'' The barrows are found to contain examples of almost all the stone imple> 
ments which occur ekewhere." On the contrary, bronze implements axe 
represented by few forms (the plain axe, dagger, knife, drill, knife-dagger, 
and awl) in the barrows; the spear-heads, swords, flanged axes (paal- 
stabs), socketed celts, gouges, and chisels, turned up in hoards, not having 
been found with these burials. The plain axe of bronze, simply moulded 
after the form of the stone axe, seems to have been the earliest type, from 
which later modifications arose; and these mound-buried people were of 
too early a date to know any other. 

Their personal ornaments were not very elaborate, nor were they made of 
gold, glass, ivory, or amber, so far as these researches show. They do not 
appear to have had any wealth, nor hides or grain to spare for exchange ; 
and possibly they got their bronze and jet by plundering their ndghbours. 
The ** pottery of the barrows," carefully studied and richly illustrated, is 
regarded as having been prepared for the sepulchre alone ;* the domestic 
vessels, well known on sites of habitations, being of a difierent manufiskcturey 
harder and more useful, and destitute of ornament. With all these matters 
are nearly concerned the social condition of the people (beyond the mere 
hunting state, and with gradations of society), tiieir domesticated animitlg 
(few, and not clearly indicated : possibly ox, goat, sheep, horse, and pig), 
their progress in manufactures and art, and their belief in a future life ; and 
these interesting points are lucidly handled in this Introduction. The en- 
trenchments on the Wolds probably mark the living-places of this long-past 



• As these vessels were spiritual, and known to be practically useless, it is 
quite possible that ihejldke$j potsherds^ and sometimes pMies^ so freely mixed 
with the earth of mounds, and thrown into graves of much later date (pages 
11 and 12), may have been (certainlv in earliest times) still more significant 
of the appliances of every-day life for the deceased. They would directly 
represent his weapons and tools, his strike-a-light and boiUng-stonsa, and his 
means for dipping water and carrying hot embers. Poor Indeed was the 
greatest of the heroes, on his dieary death-path, who had not '' a dierd to 
take fire from the hearth, or to take water withal out of the nit.*' (Imiak 
14.) ^ ^ 



p«<^de, Bome of whom were of tho loiiijJtead (dolicho-cephalic) type, most of \ 
tbem, howsTer, being tAort-hradeii (hrachy-cephalic). Tlie latter, who f 
atnta to have oonquered tlie former, mLxing to some extent with them, t 
ch»«lj reUted to the Danisli stock. In turn tbuy were overpowered 1^ I 
another (Anglinn) longheaded race, in the 6th and 6tli century after Ohiiflty J 
who brought in iron and silver, and whoae deacendBnla still constitute mocb § 
of the population of the Wolde. 

The long buTowa belonged to the dolichocephalic oldest population ; and 
llie iucceeding and dominating race buried their dead in the numerous round 
tomuli which form the chief aubject-mattjir of thin comprehensive, learned, 
and moHt iuteteeting book. Theae later burial-mounda of the atronger 
rBitnd-headg were raised whilst bronze was still a scarce article, some of 
tbem peihape about or soon after 1000 B.C. ; and none of them caji well be , 
of latrr dato than COO B.C., as is well argued at page 131. 

Profeeaor RoUeeton's description of the akulU, and general remarks on ' 
ibeoe pre-liistoric crania, is in itself a most valuable work to anthropolo^t, 
hiftoriac, and general reader. It comprises a practical treatjse on cranio- 
gTSphy, a detailed account of the Oklvariie submitted for his examination, an 
elabomte essay on pre-bistoric crania, and almost exhaustive treatises on the 
traea pf pre-historic Britain, and the animals, such as the bee, fowl, deer, 
nblol, dog, pig, aheep, ox, and others, associated, or supposed to have been 
Bseociftted, with pre-bistoric man. The amount of personal experience, of 
infoRBStioD cam[nunical«d bj friends, and of scholarly research into ancient 
hdrn and oganions, shown in these papotu, is moat striking, and will be fully 
i^preciated by all readers, whether of general or scientific tastes. It not 
only proven, also, the great worth of the Linacre Professor of the Oxford 
Uiiiversity, his special industry and acumen, but supplies a noble supplement 
111 Canon Oreenwell's excellent " Record of British Barrowa ° — which is 
iuii^wd an Essay towards the history of forgotten races, who have not only 
left their maik on English soil, but doubtless played their part in making 
up the compoule charocter ud conatitution of Englishmen themselves. _ 



THE ORIGIN OF THE WORLD. 

WE kuow from the words of that illustrious philosopher, Mr. Ephraim 
JenkuisoD, as recorded by the learned Dr. Priniruse, that " The 
OMBOgony, or creation of the world, has puzzled philosophers of all ages," 
Ui be ndd#, " Sancboniathon, Manetho, Berosus, and Ocellus Lncanua have 
lUtltempted it in vain." In such distinguished company Principal Dawson 
d bardly be asbamed to take his place. At any rate the difficulties of 
the qseMiii:i are not removed by the publicnfjon of his book on the Origin of 
I lb W«ddi and we fear that in what is really the main piu-puse of the 
tiely, the reconciliation of the slatementa as to the creation of the 
d eontuned in the book of Qenesis and the results of modern science, 
t been much more succesriiil than his predecessors. As 



itall, of the latter; thee: 



" days ' of the Bible narratiT8 



n expanded by Principal Dawson into periods of unknown length, and tbft,.- 
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taUe of creatiye periods giyen by him (p. 853) will peiiiapB show iMtter 
than a long diacoarion what are the' predaeTiflWB he holds. It is as follows. ^ 

PjlBALLELIBM of the SCBIFrUSAL COSXOGOXT WITH TBB AaXBOITOlIICiL 

▲m) GBOLoeiGAL Histobt or tbb KAitrw. 



BlbUcal XoDM 



Fttiods dadneed from Sdeatiflo 



The BeginninfiT. 

First Day, — Earth mantled by the 
yaporous deep — Production of 
light 

Second Day, — Earth covered by the 
waters — Formation of the atmo- 
sphere. 

Tkurd Day, — Emergence of dry land 
— Introduction ol vegetation. 

Fourth Day, — Completion of the 
arrangements of the solar system. 



Fifth Day, — Invertebrates and fishes, 
and afterwards great reptiles and 
birds created. 

Sixth Day. — Litroduction of mam- 
mals — Creation of man and Edenic 
group of animals. 



Creation of Matter. 

Condensation of FlanetBir bodui 
from a nebulous mass — ^Hypoth^* 
sis of original ine&ndeeoeooa. 

Primitive universal ocean, and es* 
tablishment of atmospheric eqoH 
librium. 

Elevation of the land which fbp- 
mshed the materials of the oldest 
rocks — Eosoic period of geology. 

Metamorphism or Eozoic rocks and 
disturbances preceding the Csiiir-' 
brian epoch — Present arraqge- 
ment or seasons — Dominion of 
** Existing Causes " begins. 

Palseozoic period — ^Reign of inverts 
brates and fishes. 

Mesozoic period — Reign of reptiki. 

Tertiary period — Reign of Manimsk 

Po8t-tertiary — Existing mammsls 
and man. 



The seventh and eighth days we may omit. 

One has only to read over the simple narrative of the Biblical writer to 
see that a good deal of non-natural interpretation is necessary to arrive at 
this view of the meaning of the Genesiac cosmogony, even if we are pre- 
pared to accept without cavil the statements of the second column as giving 
absolutely the results of modem investigation. The Biblical writer says, 
''In the beginning God created the heavens and the earth,** which is 
evidently a prefatory statement ; and he then goes on to describe how the 
operation of Creation was performed, but he says nothing about the creation 
of matter, which, we may fairly presume, had he thought about it, would 
have puzzled him as much as it did Sanchoniathon, Berosus, and the rest 
of them, including Principal Dawson himself. 

It IB unnecessary to go further, as the table speaks for itself, and the reader 
will have little difficulty in recognizing the strained interpretation put upon 
the Scriptural record, in order to bring it into accordance with the assumed 
scientific results. It is clearly necessary to admit that some portiona, at 
any rate, of the ffible are only the expression of human thoughts, and the 
most orthodox of us may safely regard this Genesiac account of the Creation 
as coming under such a category. 

It need hardly be said that Principal Dawson does not accept the modem 
doctrines of evolution, but at the same time he admits that if we understand 
evolution as signifying merely the canying out||of the plana of the Creator 
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ia the fomiAtioD and perfecting of the Universe and its liTing inhtiliitanti, 
ibeiv b nuUiiu^ in eucb a notion that need "initttelf be n bugbuar 
theological grounds." At the same time be conaiders that, before even 
bjpotliesiB of the gradual evolution of or^raiuc fomu by descent witL modi- 
fication can be accepted, we reqnire to poaaess a much larger armj of facta ; 
md th» doctiine of evolution Against which he speciall; protests " is the 
apoDUneous evolution of nothing into atoms and force, and of these into all 
tjto woDderiiil and complicated plan of nnture, without any ffiiiding luind." 
With regard to the origin and hiijtor; of the human race, Dr. Dawson 
mma* to have placed himself in a position of unneceHsary difficulty by taldng 
tke date of the first appearaoce of man, the scriptural Adam, "not a myth 
or an ettuuc name, but a veritable man," from such chronnlogical data na 
an be derived from Scripture, and fising it at frnm 4000 to 6000 yearn B.C. 
la diKusang the human question, honever, he adniiti' the evidence proving 
tb« co-«ii8lence of man in Europe successively ivitii the Mammoth and the 
Belodeer, and explains it after a fashion that will be hardly satiflractory to 
t/ax raad«n. The Mammoth-men, according to him, are a portion of the 
pn-diluvian descendants of Adam, whilst the probably Estiimo-like Rein- 
''''°r~men are post-diluvian I 

'>^luIe we find il impossible to agree «ith Prinupal Dawson either in the 

'^ral tendency of his work or in many of its details, we must confess that 

.' i_- a pleasant and readable book enough, and one that will doubtless be 

'«koiDed with delight by many who will look at it, rather from the theo- 

I logical than the scientific point of view. For ourselves, holding all spiritual 

1 R&^ion to be a matter of Inith and not of demoDstration, and m^arding the 

I {Rvalent Kbliolatry of Protestant countries as a most mischievous element 

I in modem Christianit)*, we cannot but: regret that the author should have 

] 4*toted BO much of his time to the elaboration of the present work. 



BIOLOGY.* 



niQIS is a volume of " The library of Oontempornneou.t Science," which 
i. HMars. Chapman & Hall are publishing, with a view to render good 
Mdani iciiutce more available to the educated classes. It appears that 
UL Rcnnwsld & Co. have made arrangements with certain foreign authors 
nda the original work, and that Messrs. Ohapman & Hall have decided to 
pnnt it in an " English dress," by moans of some of the "beat writers 
ind leoogiufied authorities here." It does not appear in the publishers' 
prftee why English authors were not asked to do the original work, but 
loTihly the aflectation, as Herbert Spencer has it, wjiich induces some men 
< depreciate the work of their own nationality, has not been without its 

Dr. Letoumean has produced a very good and readable book, far in advance 
of tnytiung of the kind in this countij', and his translator has performed by 
BD mfnTW aa «asj toak faithfully and very intelligently. It is a book which 
Biyb* placed in the hand of an advanced sbident, of any member of the 

." By Dr. Charles Lstourneau. Translated by William Maccall. 
diutpman & Hall. 1878. 



'■ BSoImj.' 
Landon. 
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medical profession^ and of most chemists ; and if they will only condesoeil 
to study, the great mass of superficial readers will benefit by it But it I 
not an easy book, for it deals with great problems ; and as it b wzittH 
conscientiously, it will rather astonish some people who follow h&aStj 
whatever the dominant school preaches. Letoumeau is a philosoplueil 
evolutionist : he believes in spontaneous generation, and discredits nil that ooi 
reads about germs. As a sensible man, he asserts the posilivity of atooi^ 
and thus defines life : " life is a twofold movement of simultaneous ad 
continual composition and decbmposition, in the midst of plasmatic sob 
stances, or of figurate anatomical elements, which, under the influence €J 
this indwelling movement, perform their functions in confoimity to theii 
structure.'^ If we did not know it before, this sentence would lead us U 
believe that life is sufficiently mysterious and incapable of formulatioi 
The references to the positive part of Biology are good and up to the day; 
and the chapters which deal with function and reproduction and per 
sistence are full of good original suggestions and careful quotatiooi 
Thus, in treating of the office of respiration, there is the following vei] 
suggestive sentence : " Behind every biological activity there is an ozydatioi 
of the anatomical elements ; no organ escapes this law, and the nervous centni 
are as much in subjection to it as the other organic apparatus. Evei] 
thought, every volition, every sensation, corresponds to an oxydation of tb 
living substance, as well as every secretion, every movement," &c. Theie iii 
angular blunder on page 269, in which a Malpighian body of the kidney doe 
duty for one in the bladder. Further on, the Brownian movement is statet 
to be caused by phenomena of attraction at short distances and belongs t 
the domain of capillarity ! — it has nothing to do, according to the authoi 
with simple liquid currents. Due to the same cause that produces tb 
motion of the vacuoles in the cavities of crystals, minute heat currents ar 
certainly dynamical in this movement, which Is so different from that o 
independent living things. Bathybius crops up, but its hypothetical natur 
seems hardly to have been understood; and an error of a distinguishe 
British physicist is reproduced in the assertion that Dr. Mayer founded th 
" great doctrine of the imity of forces." Supposing that l^ this is mean 
the doctrine of the mechanical equivalent of heat and the theory of th 
conservation of energy, there is not the least justification for placing Maye 
before Dr. Joule, of Manchester. Joule made the experiment, and proved b 
theory and practice what Mayer dreamed about and fancied, and neve 
proved by experiment. 

Everyone who has translated a French scientific work will sympathii 
with Mr, Maccall ; and we do not wish in any way to detract from the oiedi 
due to him, when we suggest that before tiie book passes to a second editio 
some sdentific man of standing should point out certain old-&shioned exprot 
sions, which would bo all the better if Anglicized and modeniized. 



AMERICAN STATE PUBLICATIONS. 

ONCE again we have to notice the wonderful series of scientific publication 
brought out under the auspices of the Government of the United Statei 
And we may worthily begin with the records of the labours of the C^eologi 
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al Sorvey of the TerritorieB, conducted witli so much spirit by Dr. F. ' 

Bajdeu, (««ing that the grandest Toliime that we have to notice, Just re- 

Mived, is iaeued by that departraenl, Tiiis, which is the eleventh voliuue of 

llio Report of the Qaological Sarvey of the Territories,* contfuno a seriea of 

■^Taphfl of the familieB of North American Rodents by MM. Elliott 

- and J, A. Allen, the extreme value of whose work upon the 

■nals of North America is bo well known as to render any praise or crili- 

■n our part quite superfluous, fhir notice of this magnificent volume 

n< than 1,100 qiiarti:> pages must be limited to a general indication of 

'iitents. The classification adopted by the authors divides the order 

. i;lia into the two well-known sub-orders, Simplicidentati, with two, 

■liij Duplicidentftli, with four, incisor teeth in the upper jaw, the latter in- 

dadicg the Leporidffi, or true Hares, and the Lagomyidse, Kkn«. or Oalling 

Hhss, both of which families are treated by Dr". Allen. Of the nine 

Euiuilie" into which the much larger group of the Simplicidentati is divided, 

Muridie, Zapodidie, Saccomjidic, Haplodoiitidie, and Oeomyidce ore 

■:)<ri by Dr. Coues; and the Sciuridfe, Oastoridie, ItyBtricidce, and 

riididie by Dr. Allen. Of these groups the Zapodid« conatitute a 

. ■ established for the reception of a single specieH — the Lons-legged 

-.- or Jumping Mouse, originally described as a Jerboa, under the name 

''/'"s kudtonhu, but which, according to Dr. Ooues, exhibits characters 

::.-uiBfaiiig it quite as much &^iu the true Dipodidie as from the Moridfe, 

i^mily CaatoroididiB is a new one, proposed for the reception of the great 

't Rodent, Qatoroida okiofiims, the remains of which have been ob- 

1 from post-tertiary deposite in various parts of North America. 

animaJ, which was about the size of an adult block bear, was long 

'^ to have been a gigantic beaver. Dr. Allen, however, places it in the 

lii^ine group. It is the largest known Rodent, except an extinct Oapybara 

. i'ochtmu) descrilj"d by Lund, from the Brazilian Bone Caves. 

i'jich of the above Hamiliea is treated monograph ically, it« position in the 

l^leni being discusiwd, its innera and species, and the habitit of the latter, 

fecribed, and its bibliography given. Uuder some of the families, the 

tninct North American species belonging to them are noticed, and in an 

Offiendix Dr. Allen gives a list of the known extinct Rodentia of North 

America, with short notices of those not referred to in the monographs. A 

HMnd appendix contwna a valuable bibliographical list of works relating to 

''■■rth iVmerican Mammals by Dr. T. Gill and Dr. Oones; and the whole 

1 iidea with a general alphabetical index to the volume. The illustrationa 

.^1 ctuefly of woodcut figures of the skulls of Muridie, which are printed 

■■ ninth Annual Report of wliat we in England should regard as the 
l.-dtimale doings of the Sun'Cy, contwns an account of the exploration 
lurado and adjacent territories, surveyed in theyear 1876.t Theactual 



Import of the United Stales Geological Survey of the Territories. F. V. 
!.■□. V.S. Geologist-in-Oharge. Vol, XJ. Munugraphs of North 
ncan Rodentia, by Elliott Couea and Joel Asaph Allen. 4to. Wash- 
■'. 1877. 

Ninth Annual Report of the United States Geological and Geogra^cal 
J of the TBrritonee, embracing Ootorndoand porta of adjacent Tern- 
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njrion examined eompnted tbe floathcm mad aontk-wvBtent po t tionB of 
Colorado, with a belt, fifteen milefl in width, of X'>rtheni New Mexico ud 
EMtfiTTi Utah. The repoita of the geological gurne\iii% MM. Peaie, FnilKfli^ 
azkd Jlolmea, which are illastzated with nmnerood maps and aectiaDs, 
give a moat inteieflting aoeoont of the geology of that cmioiu zegian, wheie 
the formA prod need bv pecnliaritie« of rock-stroctnre under the wiflwoff f^^ gf 
deniidAtirm are amongst the most wngnl a r of geological phenomena. 
Mr. Endlich especially describes and figures some wonderful gionpe of earths 
pillara. which occur in some localities in great numbers, and of a ase com- 
pared with which those of Botzen are insignificant ; 60-80 feet bong the 
average height, whilit some examples rise to 400 feet. The rock of wbidi 
theae pillarn are formed is a Tolcanic sand re-deposited by the action of 
water, and containing innumerable trachytic boulders of yaiions sizes, which 
form the protective cappings of the pillars. Another extraordinary pheno- 
menon is the formation of very regular arches of large size in narrow 
vertical walla of the same rock. 3Ir. Mudge's notes on the Tertiary and 
-CretAceous periods of Kansas are reprinted with additions at the dose of the 
Geolo^rical Report on Colorado. Pasdng over the second part, which giv«B 
an acct'iunt of the topographical labours of the Surrey, the first article in the 
zoolo^ncal section is a reprint, with additions, of a most valuable memoir by 
Br. J. A. Allen, upon the history of the American Kson. Dr. Allen here 
fumiflhes iis with an exhaustive treatise upon this interesting but ill-fated 
animal, whose disappearance from the face of the earth is certainlT onlv a 
question of time. The story of its destruction, often finom pure wantonness, 
at the hand of man, and its retirement as human inhabitants make their wav 
into the wilderness, is a melancholy one, and is told in great detail by Br. 
Allen, who foretells the speedy extermination of this great quadruped and 
strongly urges that attempts should be made at its domestication, which does 
not app«iir to be a very difficult matter. Dr. A. S. Packard furnishes an 
exf!«jllo»t summary of the information acquired respecting the natural history 
of the Rocky Mountain Locust {CaloptmuH sprettu), the ravages of which 
in certain y<*arfl are so serious. Dr. Packard believes that, by meteoiDloeicsl 
obHorvations, the occurrence of " locust yean " may be predicted and nie- 
parfttions made by the farmere to receive their enenues. He also recom- 
inijiKlH tho planting of forests along lines of railroad, and certain other 
I»n!(:aiiti.»im which would no doubt tend greatly to diminish the nuachief 
dorio ]).v this p<»Ht. Dr. Packard's report also referetothe Red-legged Locust 
{Acnjdinm femur rubrum), another destructive species in some districts, and 
to «)ino others of more local occurrence ; and he further reports on numerous 
injiiri'ms innocts of various orders which inhabit the United States. This 
I'xriMMlin^ly interesting and valuable report is copiously illustrated with 
W(M)dnutM nnd with nine plates of figures, and also with several maps, show- 
ing \\w range of some of the more destructive species. It is accompanied 
by a lirtt of Ooleoptera collected by Dr. Packard in California and Utah in 
lH7r>. 

Atiother volume, which must take its place side by side with the grand 

torioR ; beinff a report of pi-ogress of the Exploration for the year 1876. Br 
F. V. llaydon. 8vo. Wa-^hington. 1877. 
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n the Rodents of North America, is Dr. Elliott Couea' nccouot of tlio ' 
iag Animals of that continent * — a group of mammala whose hititofy 
(perhaps be coQudered to appeal more strongly to our general iuterasta 

k •ny otheis, eicept those directly serving as food for iiiBn. Tha Fur-bear- 

jag A ii;niiiltt are restricted in this volume to the faoiilT MiuEalidee, of which 
North America appears to posseaa nine — the Wolverine, Martena, WeaseU, 
Skunk, Badger, Otter, and tiea Utter. The% animals are all described in 
•CKntific fonu, and the descriptions are accompimied by a complete ri*a,mi 
of all the particulars relatintf to the natural history of the ammolB, which 
hare been accumulated by a long series of observntione on the part of the 
sgclogitla of the United States upon the species living within their range, 
■ad by the, perhaps, somewhat interested remarks of the huutera and trappers, 
who are, to a considerable extent, dependent on th^ knowledge of tha 
habits of the animals for the miccessful prosecution of their trade. In fact, 
the rolume fornisheH an admirable mono^mph of the North American species 
of tlM carnivorous family of which it treats. The osttiological characters, 
and Mpecially the cranial peculiarities, which appeikr to be of special impor- 
taoce, are fully described, and the latter are illustrated by good figures, 
oocupyiog about 30 plates. 

The Ethnography and Philology of the Hidat^ia Indians, better known, 
perhaps, as the Orosventiw, constitute the subject of another volume of the 
niiicellsneouj publications of Br. Ilayden's Survey.t Mr. Washington 
Matthews, the author, gives an elaborate account of this tribe of Indiana — 
the remnants of which at preeent live in the village at Fort Betthold, in 
Itekota,— which he follows up with a grammar and a dictionary of the 
iirindpal words of their language. The EUinographical section commences 
'. ith au interesting account of the village at Fort Berthold, which is in- 
L.Jiled by members of three distinct tribes of Indiana — the Hidatsa, the 
^lundans, and the Arickarees, — and it is a remarkable fuct that, according to 
^1r. Matthen's, these Indians, although living in close juxtaposition, and often 
' : :tTmarrniig, still retain their respective languages quite uncorrupted, 
..Jiough ihey generally possess a knowledge of those of the other tribes; 
rjTid, in fact, it is not uncommon among them to Knd persons who can speak 
irar or five languages fluently. The Hidatsa, or Minnetarees, with whom 
I ^ Ofova appear to have been united, were, even in former days, a com- 
[ IKMively cultivated tribe, practiang agriculture to a sufficient extent to 
tmihle tliem to dispose of com to their neighbours ; and the general testimony 
^( Lratellers, which is fully endoreed by our author, is highly in their favour. 
^Ir. Matthews gives an account of their liabits, customs, and superstitions, 
vhich may tnterost the general reader as much as the philological treatise 
U gntify the student of the American Indian languages. 



• "Fur-bearing Animala: A Monograph of North American Muatelidw," 
t Bj Elliott CouBS, U.S. Geological and Geographical Survey of 
■ Ttiritories, Miscellaneous Publications, No. 8. 8vo. Washington : 
Jf««nment Printing Office. 1877. 

ft " Ethnouraphy and Philolwy of the Hidatsa Indians." By Waahii^on 
natthewa, U.S. Geological imd Geographical Survey, MisceL Publ., Eft. 7. 
, Washington. 1877. 
HEW BEBIE8, VOL. 11.- 
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The DeacriptiTe Oatalogne of Photographs of North American Indiaius* hr 
Mr. W. H. Jackson, contains a good deal of information ahont the Indian 
tribes, which will he found interesting, even without the admirable series 
of photographs to which it is intended as a guide. The last publication of 
the Survey of the Territories that we hare received is a fourth edition of the 
lists of Elevationst in the country surveyed by Dr. Hayden and his stsiT. 
These lists were first published in 1872, when they formed a 12mo 
pamphlet of 31 pages ; the additional observations since made have brought 
the work up to 160 closely-printed 8vo pages of tables of elevations, 
illustrated with a large contour map. 

A most valuable volume is the Report of the Commissioner of Fisheries t 
for the years 1873-5, which contains not only the Oommissioner's formal 
statement of the results of operations carried on under the auspices of the 
Commission during those years, but also a series of appendices giving the 
most varied information from all sources upon subjects connected with Fish 
and Fisheries. From these documents we learn that the system of artifidal 
propagation is being adopted with great energy by the Americans, especially 
in the case of the Atlantic salmon, the Califomian salmon, and the shad ; 
and that tho eggs and young fry of these fishes have been transported 
into new waterfl with a considerable amount of success. With regard to 
the shad, the Commission even attempted to send a supply of the newly- 
hatched fry from America to Germany, with a view to the introduction of 
the American species into European rivers, in return for a large oonsign- 
meiit of young Rhine salmon sent by the German Government to America. 
The experiment was unsuccessful, but the gentlemen sent in charge of the 
fish think that it would not be difficult to transport the shad to Europe 
by placing the eggs in an ingenious hatching apparatus which they 
have invented, and which is described and figured in the present 
volume. In the appendices, besides elaborate reports upon the steps 
taken by the agents of the Commission for carrying out its objects in various 
parts of the United States, we find translations of important memoirs on 
food fishes and their propagation, and on fisheries, which have been publidied 
during the last few years in different European countries ; the meet important 
being those from Danish, Swedish, and Norwegian sources, which may be 
regarded as peculiarly inaccessible to moat English readers. There is also a. 
translation (from the French) of a valuable Russian report on Fisheries and 
Seal-Hunting in the White Sea, the Arctic Ocean, and the Caspian. The 
book, in fact, contains an immense mass of information of the highest value 
to the ichthyologist. There is also a brief report upon the results of 
dredgings made in 1878 in the Gulf of Maine, and a list of the Marine A1g» 
of the United States, both arising out of the investigations of the marine 



• " Descriptive Catalo^rue of Photographs of North American Indians." 
By W. n. Jackson, Photographer to the Survey. Miscel. Publ., No. 9. 
8vo. Washington. 1877. 

t '' Lists of Elevations, principally in that portion of the United States 
West of the Mississippi River.* iBy Henry Gkumett Fourth edition* 
Miscel. Publ., No. 1. 8vo. Washington. 1877. 

X " United States Commission of fish and Fisheries. "PBrt HI. Report 
of the Commission for 1873-4 and 1874-5." 8vo. Washington. 1876. 



■utunJ hirtory of partB of the coast of the United States, wluch rm 
taken eTOTT summer by the officjiils of the OommiiHion. 

la the Report of the OommiMiioner of Agiiculture for 1875* we hnve s 
Tohnne which, although not so in1«r«stiaR throughout U> the scientific 
nUtmliet aa tiftt of the f^hwies' OommisMon, nevertheless contnins several 
inpcirtast contributiona in addition to those of a more jiuraly induetrial 
karing. The entomologist, Dr. Townend Glover, furnishes an account of 
the halnte of thoAe species of the Heteroptarous Rhynchota, or Bugs, which 
BiE eitbsr injurious or beneGcial to man; Mr. Gkoi^ Yofey, the botanist, 
giiee a li«t of the Forest Trees of the Umted Stetes, a subject which is 
nmher illustrated by a long and elaborate report, with maps, on the statistics 
of forestry; the microscopist, Mr. T. Taylor, notices the microscopic ap- 
pMTUicee of celluloM sod starch, and contributes a paper on the diseases of 
finigal ori^ known as "Cranberry rot and scald"; and Mr, 3. R. Dodga 
has a long paper on the Sheep and Wool of the World. 

Of tlie Smithsonian Report for l§76t we need say little more than th>^-J 
bendee the fornutl reports of the progress of the Institution, it contains tlw* 
iBoal Mlection of memoiro upon various scientific subjects. Among theee, 
tnnalations of Arago'a Eiilogy on Gay Lussac, and of a biography of the 
pnMot EmperoT of Brazil, will be read with interest ; as al«o a memoir on 
«Kinetii; Theories of Gravitation," by Mr. W. D. Taylor, in which the 
author discusses the various Hpeculations that have been put forward on this 
fohiect. Several original papers on American Ethnology, illustrated with 
flpuea of pottery, articles of stone and wood, and curious earthworks, are 

" a of much interest. 



HUXLEY'S im'ERTEBRATA.t 

ID&IE twenty years ago, not long after he succeeded the late Profiiasor 
Edward Forbee at the School of Mines, Professor Huxley commenced 
t pablicadon, in the " Medical Times and Gazette," of a series of lectures 
hOompaimtiiB Anatomy, which, to the regret of many students of Zoology, 
le to an untimely end. Subsequently, in 1871, he brought out his well- 
" Manual of the Comparative Anatomy of Vcrtebrated Animals," 
I lAicU ia DOW succeeded by a corresponding volume on the Invertebrata. 
It i« hardly neceaary to say that this book, which forms a stout little 
'duEDB of some 700 pages, is a most welcome addition to our stock of Zoolo- 
^ litetature. The author's eminence ns an original investigator (first 
I by most valuable researches upon several types of invertebrate 
t.Uaintimate acquaintance with all the modern literature of thesub- 
B. Ida experience as a teacher, and his wonderful power of lucid eipo^tion, — 
ssure us i ^rri'in'tbat in his present work we shall have, whatf 




. "Report of the OommissioQ of Agriculture for the year 1876." 8vo. 

I WatiogtoQ. Government Printing (>ffice. 187tl. 

I t " AiiDUHl Report of the Board of Regents of the Smithsonian Institutioa, 

I AMriag the Operations, Expenditiu^a, and Condition of the Institution for 

I tbinar 1878.* 8vo. Washington. 1877. 

, , "A Mumol of the Anatomy of Invertebrated Animala." By Thomi* 

Lfl.Daal^,LL.D.,P.aS. Urn. Bro. London : OhurcMU. 1871. 
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hu long beea much waQt«d, — a thoroughly good ftnd trustworthj Eoglul 
treatise on the morphology of the InvertebrateB. And a pretty dose it 
tion of it, whilst ruvealing one or two points to which we might, perbap 
with some ground, demur, shows, iieverthele)i«, that, sofarfucanbe expectei 
from n manual dealing with bo viuI a field, these anticipations ore fulfilled 
Tliroufrhout the book the structure aud development of the animala fonuisj 
the great natural groups of Invertebrata are sdmiruhly described, and ma 
particulars as to their relations to the world outside of ihem are giveD. 

In carrying out this plan the author lias not atiemptvd to gire any pi 
minence to the question of classilication, his object being, as be aays in bi 
pKfBM, to give cleof ideas of &e morpbolo^' of the great natuisl '' ordefs 
(classes of most zoologists), leaving the question of larger natural d' 
to some extent on one aide ; and in this way, while the different well-knowi 
groups are brought together under definite sections, certiun others, of doubt 
ful affinities, are treated of in a final chapter, together with one or t 
which have bean established since the earlier portion of the work i 
printed. But this apparent disregard of closufication is due to n 
cialjou of its importance, but rather to Professor Iluxby's feeling, that a 
the present moment the science of zoology is still ir 
state, the old hard and fast lines of system havbg been conudembl; 
broken iu upon, wlulst no new views have been put forward with sulficioi 
force to take their place. According to the author (and v 
expression of opinion may perhaps have a bcuelicial influence 
of some of our younger zoologists), classitication is the " superstructoi 
and outcome " of morphology ; or, in other words, the be^l clasiuflcation ii 
AS it was always considered by the older zoologists, the best expoatioi 
8um of our knowledge of the organisms under considantdoii. 

One is the better pleased to find a naturalist like Profa.4enr Huxlv 
taking this view of the present state of Zoology, because be is, as bis i 
■work sufficiently shows, di-eply imbued with the views of derelopn 
maintained by Hackel ; and both that distinguished professor and many d 
bis followers adopt a rather strongly dogmatic tone m etpreesing t 
o}unions on systematic points. We are all familiar with the beaalifti 
genealogical trees which have lately been so often put forward. ProfeMO 
Huxley treats us to nothing of the kind ; but he speaks of phylogeny i 
" a special br«ich of biological iuveeligHtion ;" and adds : " In practice, tl 
reconstruction of the pedigree of a group from the developmental bistdC] 
of its existing members is fraught with difficultdefl. It is highly probiU 
that the seiies of developmental stages of the individual organism n 
preMUts mure than an abbreviated and condensed summary of aDOeatn 
conditions, while this summary is often strangely modified by nuiiuiai 
aud adaptation to conditions ; and it must be confessed that, in most caM 
we can do little better than guess what Is the genuine recapituUtioa a 
ancestral forms, and what is the eSect of couipni'ativelf late ndaptallCB. 
He hopes that by phylogenetic investigations, founded on Uio study a 
ontogenetic development and of foesil organisms combined, "a perfeW 
safe foundation for the doctrine of Evolution " may be arrived at 

With re^rd to the fiindaraentAla of the doctrine of Evolution, Prntcai 
Aux/ej- is equuliy candid. He says; "Tiiroa views may be taken of tl 
; i;t»riatioii : 



^^ ** a. In Tirtae of its molecular Htnicture, the organism maj- tend to Tary, 
Thia Tuiabilit; maj either be indeliDite, or may be limited to oertiui) dtreo- 
lioDB by intriadc conditions, lu tbe former cnse, tbe FHault of tbe struggle 
fui (^xiBtence would be tbe survival of the fittest among an indaftniteoumber 
of TAiiEtieB ; in the latter case it would be the survival of the fittest aiiiong' 
k certein set of variotiea. the nature and number of which would be )>re- 
diitranuiied by the molecular structure of the organism. 

" b. The orgaiUBm may have do intriosic tendency to vary, but variatdon 
may be brought about by the iufluence of conditions external W it; and, in 
this cMe also, tbe variability induced may be either indefinite or defined by 
intrinsic limitation. 

"e. The two former cases may be combined, and variation umy to soma 
ext«at depend upon intrinsic, and to some extent upon extrinsic, conditioiia, 

" At present it can hardly be said that such evidence as would justify the 
pontiTe adoption of any one of these views exi.it^.'' 

With this quotation we may take leave of Profeswr Huxley's book, re- 
commending it to our readers ns the most moderate and philosophical eipoei- 
tioD of th« views of the advanced school of Zoologiata that they are likely 
meet with for some time. Tbe little volume i^ very freely illustrated with 
modcuta, wluch, if not first-rate aa works of art, generally reptnsent well 
Moogli ths objects they are intended to show. 



ELEMENTS OF CHEMLSTRY.' 



TTTHEN the first edition of the Chemical Fbysics appeared twenty-tbrM 
' * rears ago, it woa pointed out by the late Professor Miller that it was 
I >'>i«d to a subject upon which no elementary work had then appeared in 
"ii- country Mnce the publication ofthe excellent treatise of the late Professor 
! ''.luell. The interval has seen the production in an English g'arb, of aome 
~ >.'iiilaliona of text-books in which Physics has been treated from a chemical 
int of view, but the iTwfulness of the " Chemical Physics " has not waned. 
I I the liflh edition, issued in \ST2, so much additional matter was incorpo~ 
'.t.d that the book was half aa large again as the first edition; the present is 
-'.;It double its uze. The main branches of the subject are, with a few 
i.'iii modifications, treated in thu sarae order aa heretofore. In the chapter 
: the air-pump a description and woodcut are provided of the Sprengel 
. snip, the complex form of which will startle a beginner ; reference is mads 
' ihis plBC« to the simplest form of the instrument to be found in later 
i'iff; it may, however, be missed, as the number attached to the figure is 
:>uptinteA. It is interealiiig, in passing, to observe that the best exhaustion 
■i'iaioed by tbe Sprengel pump was in one instance tiiivomS "^^ ^^^ atmo- 
yhen. AUuaion is made to the water barometer placed by Dnniell " in the 
UII of the Boyal Society : " we believe that an instrument of this kind, set up 

•"EleniBiits of Chemistry: Theorelical and Practical," By William 
MIm Miller. Part I. Oheraical Physics. Sixth Edition. Revised by 
H-rbort M'Leod. 6vo. London: Longmans. 1S77. 
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a few years since, still fonxiB a feature of the Technological Museum in the 
Crystal Palace. 

In the chapters treating of solution of suhstances we find for the first time 
that Mr* M'Leod still retains a form of nomenclature attempted to be intio- 
duced some years since, but which never obtained general acceptance; we 
refer to such expressions as " magnesic and zincic sulphate." '* Magnesic ** 
is not nice, but "zincic* is "most intolerable and not to be endured.** 
Further on, when dealing with the separation of bodies by cold, we find 
references to the observations of Rae, and the recent experiments of Buchanan 
and Guthrie. It is interesting to trace, under Light, the subject of prismatic 
analysis, of which so little was said in the first edition, extended to a re- 
port, rich in recent results, in the present edition ; it is brought down to date 
by reference to the lines of the new metal gaUium. The woodcuts taken 
from photographic spectra of the elements on pp. 277-8 are sadly blurred in 
the printing. As the production of cold by vaporization has attracted con- 
siderable attention of late, we were led to expect, what we do not find, a 
description of Garry's newer and very elegant apparatus for the freezing of 
water, based on Leslie's method, which is however mentioned, and which it 
so beautifully illustrates. The rapidity with which a pint of water can be 
frozen by its means renders it a most valuable aid in a chemical or physical 
laboratory, as well as a means of producing a very strikiog lecture experi- 
ment. Agiun, we cannot help feeling that the reader will experience some 
difficulty in grasping the principle ot* Holtz*s electrical machine for want 
of an illustration. The machine is of increasing practical importance from 
the fact that it will remun charged for many hours. We regard these as 
shortcomings, as we have noticed in another part of the work more than 
one illustration of the same apparatus. Many examples could be quoted in 
testimony of the aim having been in all the chapters to incorporate all recent 
scientific results of established importance, and we may content ourselves by 
alluding, in support of this, to the fact that the declination and inclination of 
the magnetic needle for the present year (1877), as registered at Kew 
Observatory, are given, and to a note on the remarkable experiments of De 
La Rue and Muller with their new form of battery. The meanimg of an 
expression used in this note, " a condenser of 44.8 microfarad capacity,'* will 
puzzle the general reader, while reference to the index will throw litUe light 
on the problem. 



THE ART OF ELEGTRO-METALLURQY.* 

rB present volume is, we believe, the most recently published of the 
valuable scries of textrbooks of science which are being issued by Messrs. 
Longmans " for the use of artisans and of students in public and science 
schools.*' The author has provided a vast amount of information on the 
subject, and has increased the usefulness of his text-book, so far as some of Ida 
readers are concerned, by supplying, page by page, abundant references to 
original memoirs, thus placing those who consult his book in a position to 

*"The Art of ElectrorMetallurgy, including all known Processes of 
Electro-Deposition.** By G. Gore. Sm. 8vo. £ondon : Longmana. 1877. 
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ptbei any ailditjonal detailed iiiformnlioa respecting the varioiu prDcessea to 
which ihey um<r have occsfiiou to refer. 

W« cannot turn over the pages of tlie luBtoric&l Bbetch which forms the 
openiog chapter of the buuk, without experiencing it feeling of satjefaction 
U tha manilestlj large share tahan by our countrjuieo in the decelupujent of 
lltid bmich of induatrial science. Next wt) have (ui exposition uf the princi- 
ple* and laws of " Electro-Uetallurgj " which is for the most part all thut 
eouM be desii«d. Tliu atomic weights of elementary substances, as ifiTen in 
liitik chapt«r, Torj couaiderably in some cases Irom those at present accepted. 
Wben »peakinf{ of the means of measuricg a galvanic current, the author 
states that '' the instraments uauallj employed for that purpose are either a 
gaivanametcr era voltameter," and further, that " what is termed ' a tanguDt' 
ona ma; be conveniently employed." The reader will hardly gathor fro(a 
this that iha two forms of galvanometer dilfer very inulerislly as n^ards their 
aie ae meaau'ei-i of currents. What is generally known, is that in tbeiustru- 
RMOl usually termed the galvanuiueter (or inultipller), the detlections of the 
netdle, while increaaing with the intensity of the current, bear no simple 
telation to il, and the relation line to be datermined experimentally for each 
•pfNUktos i in the case of the tangent compass, however, the tangents of the 
SBgie* to which the needle is dedected by the currents are proportional to 
the ciUTenls causing the deQeotions. From the theoretical we paai to tha 
pactickl divtuoD of the book, which occupies about one hiilf of the volume, 
•nd is deroted to the processes employed for the electro-deposition of metals 
aad metilloids. Olassl.is intituled "Uciseous Metals," and fAsy are hydrogen. 
Allbungh hydrageoium is referred to, and Uottger's modificatiunDfanearUer 
t^Biiment is described, the name of Qrahaui is conspicuous by its absence ; 
lb Mithar directs attention to his own researches on the electrolysis of 
MioSuoric add and hydrochloric acid. Ue speaks in this chapter of 
mlotasa "salt" ofhydrogen (p. i)4); then we tind "nrBenicacid"taa"salt " 
(p. 07), Uack ojide of manganese is a " salt " (p. '250), and caustic lime is 
>"»*lt"(p.2II2). What, we ask in despair, is iiirf ft "salt" ^ Mr. Gore appears 
^1 h«ve lost sight of the chief aim of tha series of test-hoo!cs of which Lis forms 
"Uf-, they are intended to serve for the use of practical men, and as regards 
iitIg and subject-matter to be within the comprebeiuion of working men, and 
Hilled Ui theirwants. Our chemical nomenclature is unhappily difficult and 
iriilderiiig enough as it is, and every effort should be made to simplify it 
uj runder it (.'omprehensible to every reader. Will those who use bis book 
(Biiir that by " chloride of ummoniB," " chloride of ammonium " and " sol 
uumoniac ' three names used within a few pages of each other, it is intended 
luiidieat* the same substancu ? Again, on one page we nre told that "(iron) 
)in'UMHifphaIe"is also called '' green TitT)oI"i in the next paragraph we read 
"' " I'srrous sulphate "; in the next Ot " protoaulphate (green copperas) " ; in 
le of " ferrous sulphate (greju vitriol) " ; and again, in the same 
nph, ijf " sulphate of iron." In ringing the changes which are possible 
s of this substance the author lias in this short spiKe hardly 
The article on the electro- deposition i>f silver is very lull and 
Bn«fiiL Tliequantity of silver used in plating wares which aresent in such 
B qnantities to the coloniesis stated to be about one ounce to the squanfl 
111 Id Birmingham iron snuffers are Homedmes "silvered'' wholesale i^H 
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M low a price at foorpenee per pair, and hooks and eyes at one pennj per 
pounds They manage theee things better in France, where electro-platkig is 
regulated bj law, the mann&ctnrer being reqtiired to wdgh each artide 
when ready for plating, in the presence of a comptroller appointed by the 
Government, and to report the same article for weighing again when ths 
plating has been done. Electro-gilding does not appear to be a costly process ; 
a silver thimble may be handsomely coated, so as to have the appearance of 
being all gold, for threepence. Among the recipes for cleaning rilver we find 
no mention of an excellent method in use for freshening the surface of filigree 
work. A plan which is reconmiended here is somewhat curiously weeded: 
** Silver may be cleaned in water in which potatoes hare been boiled, and a 
superior poUsh is thus imparted to them." Under copper we find soma 
interesting particulars regarding the copying of wood engravings in that 
metal. Successful deposits of large wood blocks of the lUudraUd Lomdm 
New$ have been formed and taken off in eight hours ; and electrotype blocka 
used in printing The Times are stated to have furnished twenty million im- 
pressions before the surface was unfit for farther use. As regards the 
deposition of nickel, to which attention has recently been drawn, we learn 
that although the metal is much less expensive than silver, the cost of nickel-i 
plating is not proportionately less. In the Special Technical Section of the 
art of electro-metallurgy, the author describes the various forms of batterisB 
in use ; fig^ures of the forms devised by Wollaston, Smee, and Darnell ere 
provided, the batteries of Bunsen and Qrove, however, are only illustrated by 
the coke bar used in the one, and the porous cell employed in the other. 
The use of batteries has in some cases been superseded by the introduction of 
magneto-electric machines and thermo-electric pUes. A gramme machine, 
such as is employed by the firm of Ohristophle of Paris, when worked with 
one horse power at a speed of 300 revolutions per minute, will deporit 600 
grammes of silver per hour. Olamond's pile, of the kind used in Biiming- 
ham, London, Sheffield, and other places, when burning 160 litres of gas 
per hour, will deposit one kilogramme of copper. 



FERNS.* 

THE study and cultivation of those interesting and often exquisitely 
beautiful plants, the Ferns, are now so very general that it need be no 
matter of surprise to find that the literature relating to them is constantly 
on the increase. We have now before us two excellent works on fems. 
One of them is a new edition of Mr. John Smith's handbook of ferns, in 
which that gentleman, whose experience in this department of botany, and 
especially in the cultivation of the plants during his long service as Assistant 
Curator of the Botanic Gardens, at Kew, rendered him one of the first 



* << Fems : British and Foreign. The History, Organosraphy, Classifi- 
cation, and Enumeration of the Species of Garden Ferns. With a Treatise 
on their Cultivation, &c, &c.'' By John Smith, A.L.S. New and Enlaiged 
Edition. 8vo. London : Hardwicke & Bogue. 1877. 

'*The Fern World." By Francis George Heath. 8vo. London: 
Sampson Low & Co. 1877. 



VidioritieB on the subject, gsve a Kgnlar sjatematic ucount of ell tlie 
ColtivBted BritiBh tuid foreign apecias cif tbeae plnuta. Mr. Smith, having 
the inlereste of the fern-grower eapeciallj before him, commences his work 
with a hiatory of the introduction into thia country of tho»e exotic apecies 
which Bic or hare heen cultivated in our femeriea. Hia next aection 
CoobUDS a brief but excellent organography of ferns, ^riug n description of 
the characteristic parts of the plnnts, to aerve ns an introduction to the 
lyMematic section of his work. In hia classi&cation he follows the " Species 
Hlicum " of the Inte Sir Willium Mooker, and chatacteriKes all the 
genera of ferns and fem-allies which poaseas apedes either native to this 
connlry or which have been cultivated here, the apecies, with their 
tjnonyms, being enumerated under each genua. In this new issue of his 
work Mr. Smith has added an appendix, in which the speciea introduced 
EiDce 1860, the date of publication of his work, are treated in a similar 
[•ahion, the new information being brought into relationship with the old 
by means of the numbers of the genera. In the preparation of this appendix, 
which renders the work complete to the present d^to, the author hns hud 
the valuable aid of Mr. J. G. Baker and Mr. William Gower, of Kew. The 
work concludes with a long and elaborate chapter on the cultivation of 
leiaB. Its descriptive section b illustmted with a great number of exceed- 
ingly good outline woodcuia, in which the characteristic parts of each genus 
kie well shown, whilst a fruutispieue furnishes similar illustrations to the 
gncml organography. To the student of ferns Mr. Smith's work, with ile 
cueful deecripliona, good figures, and copious synonymy, will prove a most 
ittoaUe uquicdtion. 

The second work to which we have to call attention, although it also 
dtals lo a considerable extent with fern-cultivation, is of a very different 
duracter. The author, Mr. F. G. Heath, some time ago published a very 
nice litde book under the title of tbe '■ Fern Paradise," which was really, 
i: he called it, '■ a plea lor the cultivation of fema," and the suocesa which 
L'ls deeerieUly met with baa induced him lo <jy his luck with a larger 
1'i.lare on the aanie track. Mr. Heath's " Fern World" wUl be a very 
ai:c?pt«ble drawing-room book, but nt the same time it possaaaes certain 
- qutlitieB which ought to earn for it a better position. The author writes 
I *ith great enthusiasm of the plants of ihe culture of which he has in* 
P nanner constituted himself an apoatle— be carriea hia reader with him in 
•earch of them to the beautiful combea of Devonshire, and diacourses with 
muoh pleasant unction on the joys of fern-hunting among aceiiea to which 
tit favourite plants lend so much of their charm. But before indulpng ua 
Kith these glimpses of " Fernland " he lays before ua a store of solid food in 
lue thajx; of a brief but good sketch of tbe general structure, character, and 
::i ide at growth of ferns, with notea on their classiticBtion, distribution, 
■j'l*, and folk-lote, followed by several chapters on the culture of the plants, 
llw illustrations of this portion of the book consist of a few woodcut tigures 
in the text. The section on ferny scenery is illustrated with four beautiful 
nam of localities in Devonabira. 

The Uet part of Mr. Heath's work, occupying rather more than half his 
lolnjuo, is devoted to a description of the British species of ferns. Hir 
^Mcriptioiu are not formal, but sufficiently prense to enable the gpecies tl 
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be easily detemitnud, And tbe author has avoided ^viug a detailed Koeonat 
of the numoraus minuto varindona to which aome of his favourite! ore sub- 
ject, and had done vrisely, as we think; but we cannot approve of lili 
remarks tin this subject, which would seem to convey to his readers that 
these minute distinctioiis are absolutelj needless, whereas to n fjreat extent 
thej ore odIj needless for his purpose. Id other respects Mr. Heath's book 
is so good Chat we are sorrj to see him makiag' etatuments ad ct^aadma 
valfftu. We would also suggest as an improvement to this section of the 
book the ndditiou of a synopsis of the genera: at present the i^eneric uiil 
specific characters nre combined in the descriptions, ond perhaps tint 
aniiugement may be retained with advantnge ; but such a ctateiueut of [tie 
chajractera of the genera as would enable the reader to underslacd what is 
meant by a genus, and -what ie the si^ificance of tbe scientific n. 
employed, would certainly place the work on a much higher footing, 
descriptions are well ilIuBtr»ted by coloured figures of each species (genenJly' 
reduced in uze), produced by u photo-lithographic process trom the olgects 
themselves; they are generally well eiecuted and very cbaraoteristjc 



PHYSIOGRAPHY.* 



Ir needed ?ery little of the prophetic spirit to foresee that the iotrodu^ 
tion of physiography into the syllobus of the Science and Art Depart* 
ment would be speedily followed by the puhlication of leiU-booka i 
physiography. Dr. Mackay is first in the field, and as an experienced band 
at tieographical compilation, be ha« succeeded in produciug a neat little worki 
which may be found useful to studenta who think of facing tbe Ma; 
examinations at South Kensington. Whether any good will result from tl 
substitution of phyaiogrtiphy for physical geography, is quite anothee 
matter, with which Dr. Mackay has of course nothing whatever to do. It 
is believed by very high authorities that physiography, or the a 
nature in general, offers the best means of introducing young people tt> ■ 
tittle knowledge of geology, biology, physics, chemistry, astronomy, and 
what not. But it must also be acknowledged that 90 comprebensirv ■ 
aubjecc con be mastered only by one who commands a good deal cd 
scientific knowledge. Physiography is indeed, in one «eu»e, the sum 
and substance of all natural science, though in another sense it ma; Im 
regarded us the siattiug point of the scientific circle. With so much 
matter to compress into su little space, we are surprised to find 1 
Dr. Mackay has a good deal to say about the Great I'yrnuiids, and that hei 
should think it worth while to advocate the use of tbe ancient sacred cubit 
ag^st what be calls " tbe much vaunted French m^Ire." But our sur- 
prise culminates when we lind him going out of his way to explain how h 
change in the inclination of the earth's axi* might have brought about tll4 
Noachian deluge, and have indirectly arti-cted the longevity of man 1 

• " Physioaraphy and PhvMcal Geography." By the Rev. Alex. Mackar, 
LL.D., FrR.G.S. Small 8vo; Edinburgh and London : Blackwood &S ' 
1877. 

"Physiography; an Introduction to the Study of Nature." By T 
Huxley, F.kS. Small Sva. London: Macmillan. IB77. 
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de preceding notice waa inWiided for insertion in our laat numbei 

had to be omitted fur wuit of space. We regret thia tiie less aa it enables 

US to notice at tbe same time tbe recectl; published haadbook of tlie in- 

ventor of Physiograpby, Professor Huxley, which eaahles us to see more 

clearlj what is bis idea of the best mode of toBcliiii[f the new gcience, It 

appe«TB to us, after acAreful perusal of bis book, that the diStirence between 

PhvBOgiapby and Phy^cal Geography con^sts almost entirely in tbe farm 

in which tbe facts and inferences are presented to the leumei. There is 

literaUy nothing in tbe volume that might nut, or indeed ou^ht not, to be 

Uugbt in any treatise on Phy^cfil Geography, although perhaps a greater 

development ia given to the explanations of certtun collateral matters, such 

u solar phyfdcB and the chemistry of the atmosphere and of WHter, than ia 

abwilutely necessary for geogmphical purposes ; but instead of arranging his 

salijtTCia in the dry systematic form usually adopted, commencing with an 

account of tbe cosmical relations of the earth and gradually descending to 

details, he slxtts from tbeconcrete example of tbe Thames and itfi valley, and 

vorka out from this comparatively narrow limit to the general phenomena of 

the e&rth and tbe univerae. In fact the Thames being bis text he preaches 

a sermon on the natural phefiouena presented by the world of which it 

forms a part. It is easy to follow the sequence of thought involved in this 

operation. Thus, the geographj- of the Thames and its haiun being described, 

(be source of it4 waters naturally comes next into consideration, and in con- 

nection with this the phenomena of the great circulation of water on the sui^ 

bee of tbe earth are treated of; the atmosphere as one link in the chain is 

then described, and the consideration of the composition of pure and natural 

«»t«n leads directly to the explanation of the action of moving water, 

whether liquid or tkiien, in disintegrating and de^rai^ing the tand-eurfacea 

orer which it passes. Tbe sea also is nodcod as having its work to da in the 

mtuit direction. On tbe other hand there are compensating agencies at work 

in the action of earthquakes and volcanoes, in the slow secular upheavals of 

land, and in the action of living creatures, tending more or less directly to 

ore tbe oquilibrium of land and ivater, and these having been discussed, 

geological facts revealed by the stud; of the ba^ of the Thames can be 

profitably considered. Then, by a not unnatural transition &om the Thamea 

TtUej to what lies out^de it, tbe author pivsses to a general consideration of 

tk* distribution of land and wal«r on the surface of the globe, to an account 

of the figure and movements of the earth, and Hnally to a description of the 

[Iwaomena presented by the sun, with especial reference to its influence, and 

ikat of the moon, upon the surlace of our earth. As he sal's, " the sun is 

nwaled as the grand prime mover in all that circulation of matter which 

p«c on, and has gone on for untold ages, within the basin of tlie Thames; 

wi3 the spectacle of the ebb and How of tbe tide under London Bridge, 

frjin which we started, proves to be a symbol of the working of forces 

'^lieb extend from planet to planet, and from star to star, throughout the 

vayme." 

Il ii, in fact, this idea of starting from the famiUar, and working outward 
<• tbe bwger conceptions, that is tbe ruling idea of Profossor Iluxley'e plan 
■B tins little work. Of course, it is impossible to tell bow mucli of tbe 
noiit of producing it is due to Professor Huxley, and how much U " 
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Rudler, who, as we are told, prepared the suhetance of the lectoxes on which 
the work is founded for the press, but certainly, between them they have 
produced a most charming little book, and one which, as a means of self- 
instruction for the young, we cannot but regard as the best guide extant to 
a general elementary knowledge of the phenomena of the world we live in. 
We should, howeyer, doubt its fitness for use as a school book, although it 
may probably serve, as Professor Huxley seems to hope, as agfuide to teachers 
in giving a course of instruction to thdr cUisses. We may add that the little 
volume is illustrated with a good many wood engravings, and with several 
useful maps printed in colours. 



THE FLORA AROUND LONDON.* 

FRTY YEARS have elapsed since the publication of the ''Flora Metxo- 
politana," during which period the nature of the vegetation of the 
London district has to a certain extent been altered, and in some places even 
destroyed, owing to the dealing, enclosing, and building which has been 
constantly going on there, so that the chajracter of many of the localities 
mentioned by Mr. Cooper in the work above mentioned have changedi and 
the plants which formerly grew there have disappeared. Dr. de Crespigny 
has therefore conferred a benefit on the botanical student and collector of 
plants by the compilation of a new London flora. 

Availing himself of the descriptive works on the subject, and supplement- 
ing the information derived from them by extensive personal investigationa, 
the author has recorded more than 1,200 species of plants which have been 
observed within a radius of thirty miles around London. These are arranged 
in alphabetical order under flowering plants and cryptogams ; their chief 
localities are given. A series of seventy-five localities is appendedi with 
lists of the plants to be found in each of them, preceded by short dosciiptions 
of the physical features and other characters. The object of the author is to 
show the actual occurrence of plants at the present time, rather than their 
local history in the past, and thus to render his work a handy guide to 
the botany of the metropolitan districts. This unambitious purpose its 
arrangement particularly adapts it to fulfil : the general list will tpll the 
student where he may expect to find any particular plant of which he is in 
want, and the list of localities will inform him what he ought espedally to 
look for in visiting them ; and as the book is so small that it may be easily 
carried in the pocket, it can hardly fail to prove exceedingly useful to th» 
practical botanist. 

* '* A New London Flora, or Handbook to the Botanical Localities of the 
Metropolitan Districts." By E. Oh. de Crespigny, M.D., M.R.C.S. 8vo. 
London : Hardwicke & Bogue. 1877. 
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ANTHROPOLOGY. 

TL/TORPHOLOOY of the Human Teeth.— Jh, E. Lambert, of Brussels, 
"^^ after a careftil stady of the characters of the teeth in the different 
raoee of man, has formulated the important concludons at which he arrives 
asfoUowB: — 

In the vMe race the triturating surface of the camnes does not project 
heyond that of the other teeth ; the two premolars are of equal volume ; 
the first true molar is the largest ; and the last, or '' wisdom-tooth," the 
analleflt. 

In the hUuk race all these peculiarities are reversed ; the canines project 
h^nd the adjoining teeth, the posterior premolar is larger than its fellow, 
and the true molars increase in size backwards. 

In the wMte race the molars usually have only /our cusps ; in the black, 
jive. If in the white race there are five, it is the first molar that has them ; 
in the Uack race it is the last. 

In the ydUno race there is usually, as in the black, a slight increase in 
tiie size of the true molars from front to back, and there is a fifth cusp on 
file hindmost molar. 

In the black race the incisors are larger in diameter than in the white, 
and the triturating surface of the canines is larger than in the adjoining 
teeth. 

In the black race there is a slight diastema, which does not exist in the 
white, and the inner tubercle of the premolar is less developed than the 
outer, as in the Anthropoid apes. The first lower premolar, also, has often 
t feebly developed inner tubercle, which is another slight manifestation of 
^e8emblance to the apes. 

In the black race the upper molars have the antero-posterior diameter 
equil to the bilateral ; in the white it is always smaller, whilst the yellow 
ace show an intermediate form. 

There is more difference in the teeth between the black and yellow races 
than between the yellow and white ; but the Malay branch, the type of the 
hrown race of IVOmalius, seems to be transitional between the black and 
yellow with respect to the general volume of the teeth, the number of cusps 
of the large lower molars, and the tendency to increase of size in the molars 
porteiioriy. 

The American race, the red race of D^Omalius, which is usually united 
^th the yellow, presents so nearly the same dentary characters as the Us 
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race that Dr. Lambert unites the two. The AuBtralians, TasmamanB, and 
New Caledonians in some respects present an exaggeration of the dentaiy 
characters of the African negro, and they are also more strongly prog- 
nathous. 

The crania from the caves of Furfooz (Belgium) have the lower molars 
decreasing in size backward, as in the white race ; and this is also the case 
with seventy neolithic crania exhumed at Hastidres. But the pabeolithie 
lower jaw from La Naulette (Belgium) approximates most to that of the 
Australian and New Caledonian races, thus showing a resemblance in the 
age of the manmioth between man in Belgium and the existing races of the 
antipodes. — {BuU. Acad, Boy, Set, Bdg, 1877, No. 5 ; and Amer, Jtmm. ScL 
October 1877, p. 322. 



ASTRONOMY. 

Sun*8 Diitance deducUde from the British Transit Observations^ 
December 9, 1874. — Those observations by the British observing par- 
ties, which of themselves suffice to give a determination of the 8im*s 
distance, have been skilfully dealt with by Captain Tupman, and the 
result may be regarded as at least affording a means of estimating the 
value of the method employed. The Astronomer Royal, indeed, believes 
(naturally enough, perhaps) that the result will be accepted as more 
trustworthy than any before obtained, or than the mean of the results 
obtained by all the best preceding observations. Time will show, we 
believe, as it did in the case of his Harton Colliery experiment for deter- 
mining the earth's mean density, that astronomers will not accept a 
result whose wide discordance from former measures (closely accordant 
inter se) indicates that the method employed is defective. Fall credit will be 
given to the Astronomer Royal for his success in demonstrating the untroat- 
worthy nature of DeUsle's method of observing trandts for determining the 
sun^s distance. Sir G. Airy*s opponents, in the controversy of 1872-4, only 
rendered the defectiveness of Delisle's method probable by reasoning more 
or less depending upon theoretical considerations. He has succeeded in 
demonstrating the point practically — at some considerable cost to the 
nation, but that is merely a detail. Whether this view of the fist of his 
results is correct, or that which he himself adopts, can be inferred, we be- 
lieve, from the following facts: — In 1854 Ilausen deduced for the solar 
parallax 8'^916 (we refrain here and throughout our remarks from giving 
decimal figures beyond the third, as no reliance whatever can be placed 
upon them). Other results at that time ranged between the values 8''.80 and 
8'^96. Amongst such results should specially be noted one which all 
Greenwich united to honour, Mr. Stone's deduction of 8'^92 as the most 
probable result of the transit of Venus observations in 1760. Latterly Pro- 
fessor Newcomb, of America, has carefully gone over the whole subject, 
^lA^tHiiqp ^ith special skill the methods on which most reliance can be placed, 
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the Iwot Mts of obaervationa, Ftc lias ihua obtauied the following six 
rtanltB from the six best methods: — 

Lnnar equation nf the earth 3".809 

Lunar paiallactic ioequalitj 8",838 

MicTOinetTtc ohaervationfl of Miirs (1 862) . . 8''.843 

MeriiUanobaerrationaof Mara (1862) . . . 8".856 

TranMt of VenuB 1768 (Powalky'fl reduction) . a",860 

Foncault's experiment on light .... i^''.^^ 

OiTUig to theee regults their proper neij^^hts, Newconih obtains m the 

noffi probable mean 8".848, correspondlnp to G2,3aS,0OO miles aa the sun's 

mean distance. IjeTeriier, agtua, from the method irhich be consideied 

would in the long run supplant all others, deduced the parallax 8".86. 

^r G. Aii7 announces as the result of the British eTpeditions, so far aa 
the I>elialeaD method la coacemed (for fortunatelj many British Ilallejan 
-bwrratjons in the noutii were made which will be of service when combined 
. :'ti nmilar observations in the north hj other nations), a solai' parallax of 
760, corresponding to a distance of 1)3,331,000 mites, or nearly a million 
:ijUt^ more than the value refrnrded by American, Oontinentnl, and a lai^ 
Dumber of British astronomers as most probable, and three-quarters of a 
tmllian miles outside the range of probable error in the former evaluation. 

This of itself would show that the Delialean method is as untrustwiirthj 
u vu asserted before the transit. But besides this evidence from the 
euBpuison of the new result with those before obtained, the results 
themielvee on which the new estimate is based show by their wide mnge 
oT^KrepaDcy the unsatisfactory nature of the method of obaervatiou relied 
upon by Sit G. Aiiy. The corabinntionB for ingress, which ought to agree 
tkmtf with tbe observations for e^rress, differ from them by 0".108, corre- 
iponding to a diflereiico of about 1,100,000 mile* in the estimated 
iimiice of the sun. Yet we are gravely assured that results diSbring thus 
iridtl; inttT le give a mean value which can be trusted as correct within 
300,000 Diilea. In other words we are to regard Newcoab's di.itAnce baaed 
"» twenty times as many observations by six better methods, as probably a 
tMm miles too small, and almost certainly 800,000 miles too small, on 
'1^ Urmgth of observations, divisible into two sections, whereof one gives 
^ ivnilt more than a million miles greater than the result given by the other. 
'' a altogether unlikely that Astronomers will accept a conclusion of this 

OiufriMifioia of Mart Very interesting spectroscopic obaervatioTis of 

^im have been made at Greenwich during the recent uppositiiin approach, 
' iliilao many valuable telescopic observations at Madeira by Mr. N.E.Oreen. 
^'•'■- spectrum of Mara was compared with that of the moon on August S3 
''A September SO, when their altitudes were nearly equal. Several faint 
iftueil bands (beKides, of course, the dark Fraunhofer lines) were observed 
■ iti» spectrum of Mare on both occamotis, of which only the three strongest 
■ "lid he fteea in the i^pectrum of the moou. " On September Vl," says the 
~ -jifi cnmmunicated by the Astronomer Boyal, " when the large spot, called 
in PrucUir's chart 'Dawes* Ocean,' occupied the centre of the disc, 

nnnuii of Maie was examined for the detection of local dilTerences. 

^pfc tfOl gave a much lainter spectrum than the rest of the disc, tbe 
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tmst 'being yery marked in the red and yellow, and le« so in the Tiblet; it 
showed, however, no lines or hands other than those seen in other pirta 
The spectrum of the polar spot and its neighbourhood wore yeiy hright from 
about D to Fy but showed very little red ; the north limh, on the oontiarfi 
gave a spectrum somewhat less hright in the green and yellow, hat ertending 
further into the red. The group round seemed to he darker over * Dawes' 
Gonthient ' (the bright spot north of ' Dawes' Ocean') and less dark on ths 
north limb. Bands a and B were seen, hut no difference in thdr appeaianos 
from whatever part of the disc was examined ; but being fainter than 0, a di^ 
difference was less likely to be detected." " On Septemher 21 and S6^ the 
absorption bands then measured were noticed to he very slightly fainter in 
the limb than anywhere else. The locality where they were most distinet 
was variously estimated as from 5'^ to 6^' from the limh on September SI, 
and from 3^' to 4^' on Septemher 26 ; as the definition was mndi better oo 
the latter occasion the smaller estimation is more likely to he correct. Ths 
difference in intendty, except just on the limb, was exceedingly slight ; hot 
the point where the bands were estimated to be darkest was always found 
to be at the same distance from the limb." This points unmistakably, as it 
seems to us, to the conclusion that the whiteness near the limb results from 
the condensation of aqueous vapour into the form of visible cloud. ^* The 
red end of the spectrum of Mars was much fidnter on or near the limb ; hot 
the violet seemed of the same intensity from all parts of the disc, and was 
visible about as fieur as in the spectrum of the moon. The observationa wars 
made by Mr. Maunder." 

Mr. Greenes drawings of Mars must be regarded as taking the place which 
has heretofore been accorded to Mr. Dawes' drawings of the planet. They 
certunly far surpass all yet taken in accuracy as well as in fulness of detaiL 
He used a IS-inch silver-on-glass reflector, by With, and a fine 12|-indi 
speculum, by Messrs. Home & Thomthwaite. Each drawing was made 
direct from the telescope, and entirely independent of those which had bean 
produced previously, all comparison being reserved till the evening was over. 
In one region (that lying east of the De la Hue Ocean, in Proctor's chart— «« 
our number for July, 1877) several important corrections have been maddi 
In particular, the sea to which Mr. Proctor gave the name of Lockyer Sea, if 
shown to be far more strongly marked than the one to the north, caUai 
Dawes Sea. The narrow inlet connecting Lockyer Sea with De la Bus 
Ocean in Mr. Dawes* drawings has no real existence. Under unfavouzaUs 
atmospheric conditions there appears to be an inlet ; but when the definition 
is good the appearance is found to be due to the presence of a small laks 
lying in the line of the supposed connection. 

<* It has been remarked,*" says Mr. Green, " that the snow caps do not 
agree exactly with the poles of the axis of revolution. It may be a confir- 
mation of this statement to mention that by September IS, the snow aone," 
which a week before had appeared large and distinct, " waa conaidenihly 
reduced in size, and its outline very indefinite, whereas by the end of the 
month it had returned in great measure to its previous form and siie ; the 
rapidity and extent of this change being greater than could be attributed to 
umple alterations of temperature." 

An amuring episode occurred after the reading of Mr. Green's paper at the 
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UOvaoaiieml Societv, s TooUsb person Btaning- the theory that the ruddj 
aiour of Mkm i» due tn heat, or rust, we foi^t ai the moment which. The 
iiptlty irith which the President explained that, owing to the I«l«neKS of 
ite hour the theorj need cot be digcuaaed, was deligbtful to all auve the 
tbsMut, wbodid not ^predate, perhaps did not fully understand the' joke. 

r*« Snttilitr of Neptune teen with a i^nch Ohject-glaM.—tAr. J. W. 
Wtrd. of Bvlfnet, whose ohserraliona of the two outer satellites of Uranua 
-:^rb a 4^ocb achiomadc, eicited conuderable atttintiou in the apriog of 
-'■\ has achieved what m^ht he supposed the still more surprising feat 
ubaeiviiig the mtellite of Neptune with the same telescope. It appears, 
lU'^Ter, Lhat he finds the satellite of Neptune as easy to see, or rather he 
linitt it not more difficult to see, than the two outer satellitea of Uranua, 
wiwnce we luuat infer that Neptune's satellite is a far larger hodj than any 
wf the Mtlellil«s of Uranus. 

Ltmar JnrquaiUia, — Mr. Neison writes to us as follows : ' 

" Sib, — In the (Ictoher number of the ' Popular Science Heview ' I find a < 
flBtement about myeelf which is entirely untrue, and which, therefore, I hag' 
«( yaa to be so good oe to give me the opportunity of contradicting in the 
Mit numlwr of the ' Review.' These statements had been already made in 
another periodical and denied by me, and I refer you to the enclosed copv of 
the NuTember number of the "Astronomical Register" for a detailed proof 
ihmi they ate perfecUy unfounded. — Yours faithfully, E, Nbisom." 
I 'ur tvuiarks were very moderate, the strongest words we used being in a 
I'jjiOe to the effect thatMr. Neiaon'a procedure seemed to us ill-cousidered. 
'. I- brought no " nullng accusation " against him. It is in hia power, wa 
liiii- no doubt, to remedv the mintake so far as it affecls himself by original 
rouKh. 

Vraprr Motion* and Dittanixi of the FuedStan.—yL, Flammarion who 
bu lately iichie»ed notoriety by his new chart of Mars based on M. Terby'a 
-■ -piirchw. announces two seta of results of what he describes as hisoriginal 
-Tirehw iiilo udereal aatronoray. In the first place, by charting the proper 
11DIU of the lixed sl&ts, he tinds reason to believethutsome of these bodies 
. uavelling together through space. In the second place, ho says, after 
Tcrihing the theories of Sir W. Ilerschel, Stru*e, and others, ' le« recher- 

■ -s que j'lij eutreprises m'ont lentameot et successivement amenS k dea con- 
i-ion* toutes diffSremes, dcmt void le rfeumfi. Les plus grandes ditf^rences 
dat iDtrinB^ue,de dimensions, et de mosses, eiistententre lea ^Coiles. D 
1 pent-etra aulaot de di9€rencen entre lee ^toilea qu'entre les planites de 
ir« nsteioe. Aii^ai la distribution gSn^rale des £t«iles ti'ofire pas la rggu- 

-■-.\i cln^dique sous laquelle oo Tenviaageait ; de petites ^1oile», di-s amaa, 

■ im D^bulauses, peuvent ^tre raoins tfloignt^s da nous que das filoiles 
'^iUantes; et la constitution des deux pr^sente un caract^re moina umple 
I '- otlui qui lui £t^t assignd par des jaugea telescoplques et la thtorie 

,. I -UB* diatribution homogena.' The following passageii in an essay by Mr. 

B I Cottar would therefore eeem to be plBgiarisme of M. Flantmarion's later 

^1 iMn on these points:— "The charting of the stellar proper motions 

:, f W led me to the discovery of the fact that the stars in many parte of 

'j« hesvcna ore travellin)^ in syslemB—or, as it were, drifting — through 

■i*™" . , , inatancea died . , . "The general conduaions lo which I 

MW SKBlBSi rOL. U. — HO. V. H 
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bare been led bv these and other methodB of ivsevcb are chieflj tli 
The Bidereal STHlem ia altoffether more complicated, alt/wdur i 
TBried id Btructure than has hitherto been eupposed. Within ona and I 
B&me re^OD co-exist rtars of miuiT orders of' real mainutude . . . AOl 
nebuls hitherto discovered exist wilhin the limits of the sidereal r 
And so forth. Mr. Proctor's ofenca is not one of Testcrday. Th« 
from which we have quoted appeared in the " Quarterly Joiiriui of Si 
for July 1872; but since August ISO? (we " Intellectna] ObeeTrer" fat ik 
date) Mr. Proctor has been thus unfairly describing as his, resulta wU 
were in reality promulgated by M. Flnnunarion in 1877, Nay, some wl 
announced even earlier by M. Flanimarion. For instance, in 1870 I 
Proctor described the drift of five stars of the seven forming ■' the Ploogh 
Now as far back as 1878 this hod been described by M. Flammario ' 
article entitled " The future of a consteilation." ^L Flammarion « 
think not " Pereant qui, &c," but '■ Perierunt qui ante nos nostra ^xerinl 

Dn fieo's Comtt.—Tbla comet of short period should have returned 
perihelion this year according to the calculations of Profeepor Briinnow. 
it has not beeo seen, Mr. Hind considers that " we must probablv place tl 
comet in tlie class which tUougli undoubtedly moring in elliptical orbila 
small dimensions when under obeervalion, are now ' lost.' " " 
this arises from a larger error in the determination of the mean motioD 
]844 than at present appears admiMdUe, or whether the action of the p! 
Mar» may explain it, or, again, whether the comet has encouatet«d one of U 
minor planets, and thereby been deflected or diMnlegrated, cannot be 
present ascertained." 

JVtenometia for thr Quarter. — Venus will be at her groatest brillianCT' I 
an evening star on January 16, in inferior conjunction with the »im at 5 m.i 
February 31, and at her greatest brilliancy as a morning star ou Maich % 
The disappearance and reappeamnce of Saturn's rings on Febmary R u 
Slarch 1 raBpectively, will not bo observable, owing to Saturn's proximi^ 
to the sun, Saturn being in conjunction with the sun on March 13 at 8 p. 
On February 16, at G a.m., Urnniis will be in opposition. Neither the lo! 
eclipse of February 1, nor the lunar eclipse of February \<\, will be *inl 
in this country. 



BOTANY. 



Oennivntion of Mfgarrhiai tali/omica. — Dr. Asa Gray finds that t 
germinatirin of this cucurbitaceous plant, which is a]li<>d to Ec/unoq/tlA 
presents certain peculiarities which he describes ( " Silliman's Journal,' 
Jnly 1877). The seeds came up in the mBnner of beans, the body of the k 
in its shell being raised well out of the soil upon what seemed to be » w< 
developed radicle, like that of EchmocytlU, but no plumule made its appeu 
ance from between thefleshy cttyledon*. On the contrary, io about a fortni^t 
in all three of Dr. Oray's young plants, the plumule pushed sepnrately out 
the soil of the pot, and, on the whole plant being exposed, it was found tt 
spring from the bara of what appeared to be an elongated radicle (tn 
or three inches long), and below it the thickening of the root, which la I 
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ttrOdag cbsTBcter of the apeciea of Mefforrhisa, hnd alresd; mnde cciDuder- 
^e progreas. Th« plumule issued from a cleft nt the base of the aeeming 
ndide, through which b conaiderAble amount of the Dutrinieiit stored in the 
eotrledons moat have been carried down to figsist the growth of the root 
■nd plumule. From further investigation it nppeared tbnt the supposed 
ndicle wa* reallv formed by two connate petioles of the cotyledons, not 
[naent in the seed. 



CHEMISTRY. 



Uijitffactian o/yitnc Oiidr, MartA Oat, nnd O.rygen. — The close of last 

re>r will be remembered as the occasion of the anaouncei 

important discoveries in physical chemistry. Onilletet has succeeded in lique- 

fring nitric oiide. This gas which, it had previously been found, would not 

change its state of aggregation if cooled to — 110° C. or subjected loa pressure 

i>f GO atmospheres ("Oompt. tend." 1S77, p. 1016), becornes liquid under a 

)ireamije of 104 atmospheres at —11° O. He finds, moreover, thnt at 8° 0. 

ihe dioxide remiuna gaseous under pressures equal to S7fl atmospheres. 

Berthelot submitted some gases to a pressure of 800 atmospheres without 

ladoang a change. The cause of this has been explained by Andrew?, wha 

b«« traced the connection which exists between the properties of a so-oaUed 

I penaanent g»s and those of liquids which condense almost without change 

I of Tolutne. He finds that for each vapour there exists a critical point of 

B tonpaaliire, above which the vapour cannot be converted into a liquid by 

^L uy pKMoTe however ^nt it may be. Oailletet also communicates some 

^^ inleieftiog results of experiments made for the purpose of liquefying marsh 

^L pM. He noticed that at a temperature of 7° 0. and under a pressure 

^Kgl 180 atmospheres the gaa under examination becomes doiuii/ and exhibits 

^^^MKine appearance as has been observed in the case of liquid carbonic acid 

^^^Hn Hw pnMure has been suddenly reduced. There appears little doubt 

^^^^ptdus was condensed marsh gas, which rapidly evaporated when it came 

^^Fheootact with the glass and mercury of the apparatus. It is not at all im- 

■ |nikbW, tbei«fore, that Caitletet will before long succeed in removing light 

■ (ubuiettsd bjdrogeo from the list of permanent gases. The " Journal de 
I OCT»Te ■ of the 33rd December (see the " Times," 20th December, 187"), 

iBiTOnces the liquefaction of oxygen by Raoul Kctet, The process adopted 
<p{icu«, &om tl)e short extract referred to, to have consisted in subjecting 
ilir gas tu great pressure and a low temperature produced by the evaporation 
I* nlid carbonic acid. The latter gas was first liquefied at n temperature of 
T 0. and under a pressure of from four to six atmospheres by the aid of 
f M^AnronB acid. The carbonic acid was then placed in a long tube con- 
d with two pumps acting together, and theexhaustion continued till the 
I IwoBine aoUd. Through this tube contaijiing the frosen gas, passed 
IT of rery fine bore, along which n current of oxygen, prepared fr.^ii: 
m chlorate, was conveyed. The pressures to which the oxygen could 
Igerted reached as high as 800 atmospheres. At a pressure, however, 
is stated did not exceed 300 atmospheres, the gas was Uquetied, and 
H of liquid oxygen was projected from the extremity of the fine tube at 
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the instant that the compressed and cooled gas exchanged the intense pvessme 
for that of the atmosphere. 

Plant Chemistry, — Professor Ohurch has examined colein, the red 
colouring matter of Coleus Vergchaffeitii, and is inclined to think that it is 
identical with oenolin, obtained from red wine, as well as with the substances 
anthocyan, erythrophyll and cyanin, which have been extracted from bhie 
and purple flowers. Colein is soluble in alcohol, but insoluble in ether; 
acids turn its solutions red, while alkalies strike a violet, indigo-Uue, green, 
and, finally, yellow colour. The formula of colein is Oj^ Hi^ O^ ; the 
salts which it forms with lead, barium, and other metals, have been prepared. 
It appears to be present in the copper-beech and the grape, and it is 
perfectly distinct in its characters from the colouring^matter of the red beet. 
The composition of the flowers of jFVortntM excelsior has also been investi- 
gated by Professor Ohurch. He found the ash to contain 39*42 per cent 
of potash, 13*22 per cent, of lime, and 28*98 per cent, of phosphoric add. 
The ash-flowers contain 7*4 times as much nitrogen, 7*7 times as much 
potash, and 10*6 times as much phosphoric acid as has been found in the 
leaf-scales of the beech. His paper (*' Journal of Botany,** 1877, vL 346) 
contains, moreover, some interesting observations on the composition of the 
leaves of a variegated form of Acer Ne^^undo, The ash of the white and 
green portions were analysed separately with the following results : — 

Fetx)entage in Ash of White Partd. Qnea PaiU. 

Potash 40*06 12*61 

lime 1089 39*93 

Magnesia 3*96 4*76 

Phosphoric Add .... 14*65 8*80 

These figures seem to show that the white leaves, or parts of leaves, of 
this maple difier from the green leaves much in the same way that young 
leaves differ from old. 

The Behaviour of Sulphates with Mdted Sulphur, — Sestini has shown that 
gypsum when heated with sulphur decomposes in accordance with the 
equation : — 

OaSO^ + 2S - 2S0j + OaS. 

Yioli has dnce observed that this reaction appears to be a genenl 
reaction as regards the sulphates. Sulphates of the metals of the alkaline 
earths, as well as those of aluminium, chromium, zinc, manganese, iroOf 
cadmium, lead, bismuth, copper, antimony, and mercury, are converted into 
sulphides in accordance with the equation, KSO^ + 28 - RS + 2S0,. 
The author reconmiends this method fer the formation of a metallie 
sulphide, and also as a source of sulphurous add (Ber, Deut. Chem, 
GeseU., X. 293). 

Preparation of Nitrogen, — ^It has been observed by G^atehouse (^ Chemi- 
cal News," XXXV. 118) that ammonium nitrate and manganese peroxide, wheo 
heated together at a temperature of 166^-200^ 0., evolve a constant current 
of an invisible gas^ which neither bums nor is absorbed by potash pyrogal- 
late. The gas proves to be pure nitarogen, formed in accordance with the 
equation : — 

4NH^ NO, + MnO, - Mn (NO,), + 8H,0 + 6N. 
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granmies of (Lmmonium nitrsle gave 67'14 litres of uitrogeu, e 
Donual tempeiature and pressure. Is oae experiment where S f^nunmea of 
tutnte were heated with the requiaite amount of man^nese peroxide in a 
mercury bath at 205°0,, thev yielded 606 cuh. cent of Qitrog^n; the theoralical 
UDOiiDt is 630 cub. cent. At higher teniperaturea than 315° O. the reactioQ 
a[ipwn to be a complex: one, the mang'anese nitrate being broken up into 
■oangwieM oxide, bjponitric acid, and oxygen. 

7^ Efthnation ofSkkd. — A paper on this process, written by Marearet 

S. Cheney, and Ellen Swallow RtchardB, and dated from the " Women's 

Liboratary, Massachusetts' liutituto of Techno! o^," appears in the 

" Ajner. Joum. Sd.," 1877, x\v. p. 178. The authors having OKcawon to 

determine quantitatively tb« amount of nickel in some pyrrhotjtes and 

matla were led to exam.ioe the accuracy of the various methods proposed 

6ir the ceparation of that metal from iron. They found that which b 

kaown aa the acetate process to be a te<]inu3 one, and the plan for tho 

Kanra) of the iron with ammonium hydrate very unBatia^actory : but good i 

NsnltB were obtained by the pmeeaa proposed by Field in 1859, who em- ■ 

(l^rtd lead oside to effect the complel« aeparation of the uietaK In the 

ttKuf the nickel, which they weighed as oiide, the analytical nuuihera 

«a« too high — a result which was to be expected ; and they were finally 

Mto adopt a process based on the fact that nickel phosphate ia completely 

•oliibte, while iron phosphate is almost insoluble, in acetic acid, in presence 

«f U excess of sodium phoaphate. After the metals which ate thrown 

I down by sulphuretted hydrogea have been removed, and the filtrate has been 

liciled to drive off the excess of that reagent, the iron is oxidized with nitric 

ic'A, and ammonium hydrate ia added until a permanent precipitate begins 

' < !<imj, but not until complete precipitation of the iron oxide ia eflected. 

\i"tii' add b then added to re-dissolve the oxide, and the deep-red c<doured 

■luiioa raised to tie boiling prajit. An eicees of ordinary sodium phoa- 

■.'ate is then added to it, and the nearly white precipitate ia filtered off 

■j-A washed with hot water containing acetic add. The bltrate is heated 

' itIt to the boiling point, and caustic potash is added to it till the odour 

■ immcuiia is distinctly perceptible. The apple-green precipitate of nickel 

. ■j^phftte is partially washed, dissolved in a little dilute sulphuric acid, the 

lutiitn rendered strongly alkaline with ammonium hydrate, and the nickel 

. -.dpitated with the battery ; a current from two quart cells charged with 

' I. kromate and sulphuric acid sufficed in two hours to completely precipitate 

'■■'■ iiieial. The numbers fall only a little abort of those required by theory, 

..ijnutitiiig in three experimental determinations to 0U'O6, 00-3S, and 90' 73 

Abtorption of Carbonic 0.nde. — Bbttinger finda tliat carbonic oxide, when 
~ through hydrocyanic add cooled to a low temperature, is abun- 
Itatly absorbed by that liquid ; if concentrated hydrochloric acid be added 
b the solution, the two liquids will not mix. When the vessel contEumng 
iW is removed from tlie freezing mixture, a constant current of pure 
■lioaie oxide is evolved ; on the sulaequent application of heat the evolution 
rf gH becomes stronger, while the gas itself is contaminated with hydro- 
add ; finally the liquids mix and a turbulent disengagement of gas is 
aitf pure unaltered livdrocjanic acid remaining in Ibe vessel. — JBer. 
Otm. GtKiL, 1877, x. 1123. 
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SyntheKB of Hydrocarbons, — Friedel and Crafts have recentlj pabUBhed a 
Taluable series of papers on a new method, of general application, for the 
aynthesis of hydrocarbons, acetones, &c. (*' Joohl Prakt. Oheni«,^ 1877, xtL 
p. 238.) The chemical changes are brought about by the action of alnmimum 
chloride. When to amy lie chloride dissolved io benzol some of the metdlio 
chloride is added, hydrochloric add is set free, and amyl-benzol is formed : — 

0, H„ 01 + O.H. - H 01 + 0. H^ (0, K,,). 

If an organic bromide or iodide be taken in place of a chloride, a similar 
reaction is noticed : ethylic iodide, for example, in the presence of benzol and 
the metallic chloride forms hydriodic acid and ethyl-benzol : 

0, H, I + 0. H. - H I + 0« H, (0« H,). 

Methylic chloride dissolved in benzol under similar conditions prodiioes 
toluol; and when two, three, or four molecules of methylic chloride 
react on one molecule of benzol in presence of aluminium chloride, s^lol, 
mesitylen and durol are produced, a corresponding number of molecules of 
hydrochloric acid being set free. Under similar circumstances benzylie 
chloride yields diphenylmethane. Bodies containing more than one atom of 
chlorine are also acted upon in a like sense when in contact with benzol and 
the metallic chloride; chloroform produces triphenylmethane, and carbon 
tetrachloride tetraphenylmethane. Benzoic and acetic chloride form respec- 
tively benzophenon and acetophenon. Other metallic chlorides resemble 
that of aluminium in their ability to withdraw hydrochloric a<nd; iron 
perchloride acts at ordinary temperatures, and iron protocbloride when heat 
is applied. The authors are of opinion that in the first stage of the reaction, 
which we have considered, an organic compound containing aluminium is 
formed, which then undergoes decomposition, setting the aluminium chloride 
once more free. The case where benzylie chloride enters into the reaction, 
for example, would be represented thus : — 

0,He + Al,01e = H01 + Al, 01„ 0. H, 

^ , / 

hypothetical compound. 
A1,01,(0,HJ + (OH,0«H.;01-A1,OU+(OH,0,H,)O.H, 

Diphenylmethane. 

Phosphorescence of the Salts of Qudnine, — It has been noticed by Landerer 
{*' Ard. Pharm.," [3] x. p. 322) that quinine sulphate becomes pbosphorsscent 
at 40° to 50° R. If some of the salt, strewn over a sheet of smooth paper, be 
placed on a plate of metal and exposed to this temperature, it becomes 
beautifully phosphorescent when stirred with a glass rod, the light being 
observed for some minutes. Valerate of quinine exhibits the same phe- 
nomenon, even when heat is not applied ; if a few crystals be rubbed or 
struck in a mortar a luminous appearance is observed with each blow of the 
pestle. The phenomenon, it seems, is only noticed when use is made of 
valerate containing add which has been prepared directly from the root of 
the valerian. 

Polyporie Acid, — ^This add has been obtained by Stshlschmidt finom 
several spedes of Folyporus ('' Annalen der Ohemie,** 1877, clzxxviL p. 177). 



SCIENTIFIC SUUUABT. 



103 



k ajipewB Ui Iw quite inaoluble in wal^r, »:i that the additiou of a few dropc 
cf ■ minenl acid to an aqueoiia aolution of tlie merest trace of a polyporaM 
Mona the liquid to become turbid ; it is propoaed to luake uau of thia di^Iicate 
Mttion in RlliaUmetij in place of n colour test. Tlie salts of the acid are 
nll-deGned compoiindB, BOine of which, a^ the poljporatea of potash, eoda, 
ud ammonia, form diiep purple-coloiued Hulutinni^. The tmpirical formula 
gf polyporic acid appears to be 0, H, O,. When tliu poUu^h salt is heated 
10 lednesa with zinc-powder, beiiEol ia fonned. 

ifatoium Black. — A ready method of prBparing the matal in a form which 
nUhits oausuallv actiTe catalytic properties lins been ueccribed by Bottger 
(* Phsim. CentiJbl., "zviii. p. il?,). He adds to aeoludon of plalinic chloride 
Mfficieot e«ignette Mlt (,putAs«iuiii sodium tartrate), and beats the mixtoru to 
ihe tmliag point ; a btifk erotutiou ot carbonic add taktw place, and iu a 
TOj thort time all the metal sepuratee from the solution ; it baa then to be 
mhad and dried at a moderate l^mperature. Tbe tine 1; -divided metal 
d in Ibia way readily converts alcohol into acetic ncid, and igniteB 
f gaa when placed iu contact with gun-cutton. 



^M GEOLOGY. 

^pifiliVir Order of Faml flgrfi^aa.— Tbe re>eiircbesof American eiplorers in 

tint sppareolly inexhauetible mine of palfeontological ooveltieB, the Far West, 

'.- furnished Profeseor Marsh with a great portion of the skeleton of a 

.-<' reptile, which he regards as one of the most remarliBble animals yet 

:- I'tered. It was obtained on the eoatem Hank of the Rocky Mountains, in 

"l- tcbich may be rejrarded as nearly corresponding to the Weulden or else 

Upper Jurasac. The animal, which I'rofussor Marsh denominates 

'''"I'uanrut animiut, probably measured about thirty feet in length, and 

ci)i mainly by swimming'. It possessed teeth with compressed crowns, 

•Tiwl in S'tclteia, ajid measuring nearly four-aud-a-half inches in length and 

irk an inch in greatest diameter. Besides these tbere are uimierouB 

imdrical t«ath~like organs, about three inches long and three-liftha of an 

I L in diameter, which were placed in rows, either in thin platee of im- 

■'fMiI bone or in cartilage. These, the author thinks, may prove to be 

.-."ji^ apjnea with the characters of teeth, such as occur in some fishea. 

iw body was long and protected by bony plates, which appear to have been 

k [art (lupported by the elongated spines of the vertebrio, which are co- 

*tiit4 with the biconcave centra. One of the dermal plates was more than 

&«e feet long. Professor Marsh regards this remarkable reptile as the typs 

of » WW order, which he names Slfffoiiounii.—Amer. Jouni. of Set., Dec. 1877. 

Xtie American Juriufic DimKour*.— The Dinosaur described by Professor 

Kudi under the name of TStatuiKairtu montOTnu, as from the Cretoceoua 

4epodt» of Colorado (see " Pop. 8ci. Key,," Oct. 1877. p. 424), is now found 

6t Wong to a lower geological horizon, and is really from the Upper Jurasac. 

hnteanr Marsh now changes its name from Titant.iauiiu to AliinUutauriu, 

U* fonoer bein^ preoccupied, and states that additional remains which 

bit been obtained, flhaw that it is the type of a distinct family, which be 

flILi AUmU-itaurida. The femur of ACUmttDataTU mnntanut is about seven 
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feet long, 80 that if the animal had the proportions of a Orocodile it ms it 
least eighty feet in length. Two nearly allied spedes, also -with luge 
pneumatic cavities in the centra of the vertebm, form the new gen« 
Apatosawrus ; one of them, A, qfaXy is supposed to have been between fUtj 
and sixty feet, and the other, A, grant^, at least thirty feet long. Tb 
femur of the latter measures about three feet four inches. These are fnm 
a somewhat lower horizon than the Atlantasaunu, AMomxuruM fragHit is a 
third new species, also with deeply excayated vertebral centra, which m 
biconcave. The bones of the feet are very slender. The animal, which ii 
from the same locality as the preceding, was from fifteen to twenty feet in 
length. With these are the remains of a small Dinosaur, about as large u 
a Fox, described by Professor Marsh as Nanogaurua rex. — Amer, Joum, Seif 
Dec. 1877. 

A Fossil Branchipus, — Mr. Henry Woodward has detected in some Eoeeai 
freshwater limestones from Gurnet Bay, Isle of Wight, numerous remaiiis of 
delicate little Crustaceans of the genus Branch^ms or Chiroc^ihidus. Thi I 
animals are beautifully preaerved, the males exhibiting their large daspiiy; 
antennae, and the females their egg^pouches. Mr. Woodward names this jbt 
teresting little Crustacean, the first of its kind that has undoubtedly beea 
found fossil, Branchipodites vectensis. The Branchipods are accompanied in 
the deposit by two species of Isopod Crustaceans, by several bivalved Entomoi- 
traca, and by a great number of the remains of insects belonging to nesrij 
all orders. — Proc, Geoi. Soc, Dec. 19, 1877. 

Fossil Plants from, (:hrnnell Land. — ^Near Discovery ELarbour, when 
H.M.S. Discovery wintered in 1876-0, in about 8Cf 45' N. lat, 9aAW4Xf 
W. long., a bed of lignitn, from 25 to 30 feet thick, was found, resting 
unconformably upon the azoic schists of which Ghrinnell Land chiefly con- 
siBts. The lignite was overlain by black shales and sandstones, the fomut 
containing many remains of plants ; and above these there were, here and 
there, beds of fine mud and glacial drift, containing shells of marina 
Mollusca of species now living in the adjacent sea. This glacial marina 
deposit occurs up to levels of 1,000 feet, indicating a depression and subas- 
quent elevation of the region to at least this extent Of the remains of 20 
species of plants collected by Captain Feilden, and submitted by him tc 
Professor Oswald Heer, 18 are already known from Miocene deposits of ihd 
Arctic zone. The deposit is therefore no doubt AGocene. It has 17 speda 
in common with Spitzbergen (78° 79' N. lat.), and 8 species in commoi 
with Greenland (70° 71' N. kt.). With the Miocene flora of Europe it hai 
6 species in common ; with that of America (Alaska and Canada) 4 ; witi 
that of Asia (Sachalien) 4 also. The spedes found include 2 species o 
Equisetumy 10 Ooniferae, Phragmites oeningensis, Car ex noursoakensis, and ) 
Dicotelydons, namely, Pojntltis arctica, Beiula prisca and Brongmartij Ckrrylu 
Macqiiarrii and insignis, Ulnrus horenlis, Viburnum Norden^kioldi, am 
Nymph4Ba arctica. 

Of the Conifers, Torellia rigida, pre\'iou8ly known only by a few firag 
ments from Spitzbergen, is very abundant, and its remains show it to ha^ 
been allied to the Jurassic genera PhiPniccpsis and Baieroj the former in ^^ 
turn related to the Carboniferous CordaiteSf and among recent Conifen^ ^ 
Podocarpus, Other Conifers are Thuites Ehrenswardi P, Taxodium distickif* 
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n (with male Bowers), Pimu Fe^denlana (a new species allied to 
P. Strobiii), Pinuf poiarii, P. idne» (twigs coTerad with leaves), a apewea 
oi Tsuga {Fmat Dickumiana, Heer.), and a white Spruce of the group of 
Pimu graadis and canocarpa. Pinu* abirt, which occurs here and in 8piU- 
bergeo, did not exist in Europe in Miocene times, but had its original home 
in the ertreme north, and thence extended southwards ; it ia mot with in 
the Norfolk forest-bed, and b the interglacial lignites of Switzerland. It» 
present northern limit is 6!))° N., and it spreads over 25° of latitude. 
Toj-odium diaticAum, on the contrary, spread in Miocene times from Oontrol 
Ito); U> KI3° N. latitade, whilst at present it is confined to a smnll area. 

Betuia Brongmarti, Ett., is the only European spedes from Grimiell I.and 
not prcTiouilj known from the arctic looe. 

The tluck lignite-bed of Grinnell Land indicates a large peat-moss, pro- 
bablj containing a lake in which tbewatei^lilieHgrew ; on its muddy shores 
stood the large reeds and sedges, the birche», poplars, Taxodia, and Torrilia. 
The drier spots and neighbouring chains of bills were probably occupied by 
the pines and firs, associated with elms and hazel-bushea. A single elytron 
of a beetle (Carabitet Feildeniama) is at present the sole evidence of the 
existence of animals in this forest region. 

The nature of the flora revealed by Captain Feitdeo's discoveries seerna to 

contirm and extend earlier results. It approaches much more closely to 

that of Spitzbergen than to that of Greenland, as might be expected frtnii 

the relative positions of the localities; and the dilference is the same in 

kind as that already indicated by Professor Ileer between Spitzbewren and 

Greenland, and would indicate the same kind of climatic diSbrance. 

Nevertheless, the presence of Taxodium dittichum excludes arctic condi- 

tiuus, and that of the w»ter-1ily indicates the existence of fresh water, 

which must have remained open a great part of the year. Represeota- 

tivea of plants now living eiclunvely in the arctic lone are wanting in the 

OrinnvU L^nd deposits; btit, on the other band, most of the genera still 

•xtend into that zone, although they range in Orinnell Land from 12° to 

, 16° further north than at present. — Proe. Geol. So"., 7th November, 1S77. 

I -fiirfipnin Tertiarg Deer. — In a pnper lately read be^jre the Geological 

I Society, Professor W. Boyd Dawkina discussed the characters preeonted by 

I Um Buropean Miocene and Pliocene Deer, and indicated that the majority 

I Of the known antlers may be referred to two categories — au earlier or 

I Caplvoliiie, and a later or Axidine type. To the Oaprboli he referred 

I the following species: — Dicrorrrot tlegam, Lart., - Prox furcatia, Hemel, 

I Cttiu du-rirruKtroi, Kaup. (including C. ana-eran and trigonoreTog, Kaup,), 

I tod Ctrvut Matheronie, Gerv. ( - C. Bravnrd!) from the Miocene, and 

A Omw mtftralu, Gerv., and C. ruaaniu, Oroizet & Jobert, from the Pliouene. 

A To the AxXTDXs belong Cervus Pn'rieri, Or. Si. Job. (including C. Uiiodorennt 

^nd jMrdmetinr, of the same authors), C. rCrKriarum, Cr. & Job. {^C. 

Smm/m, Pom., and Cpendlentk and ttyliidui, Brnv.), C. guttontrnfit sp, n., 

^^H C tytindncerot Drav. (including C. gracilit, Brav.), all from Pliocene 

^^^BOMt*. Besides these, the author noticed s species mcerfai sedis under the 

^^^pe of Cervut tetracerui, Dawkina, which he regards as coming nearest to 

^^HiVirgiDiu] Deer, or Gariacoa (Variacut nripniamu). From tbeexamina- 

^^Bn of the antlers of these species he indicates that in the Middle Miocene 
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age the ceryine antler consisted of a simply forked crown, whilst in the 
Upper Miocene it became more complex, although still small and erect, 
like that of the Roe Deer. In the Pliocene it becomes larger and more 
complex, some forms, such as the Cervus dicramos, Nesti, being the most 
complicated of known antlers. The successive changes are analogous to 
those observed in the development of the antlers of the living deer with 
increase of age. In the Miocene we have the zero of antler-development, 
and the Oapreoline type is older than any other. The nearest living 
analogue of the Miocene Deer is, according to the author, the Muntjak 
{Styloceros), now found only in the oriental region of Asia, along with the 
Tapir, which also coexisted with Cervu8 dicranoceroB in the Miocene forests 
of Germany. The Pliocene Deer, again, are generally most nearly allied 
to the oriental Axis and Rusa Deer, the only exception being Oervus cummu, 
the antlers of which resemble those of the roe, an animal widely spread over 
Europe, and Northern and Central Aoa. The alliance of these PHocene 
Deer with those now living in the Indian region is regarded by the author 
as a further proof of the warm climate of Europe in Miocene times, con- 
firmatory of the conclusions arrived at by Saporta from the study of the 
vegetation. 

A New Bird from the London Clay, — Professor Owen has recently de- 
scribed before the Geological Society some remains of a large bird obtained 
by Mr. W. H. Shrubsole from the London Olay of Sheppey, consisting of parts 
of fractured humeri, belonging to the right and left side of the same species or 
perhaps individual, and including the head of the bone, with portions of 
the upper and lower parts of the shaft. The texture of the shaft, the thin- 
ness of its bony wall, and the large size of the cavity recall the characters 
of the wing-bones of the large Cretaceous Pterodactyles. The author in- 
dicated the characters which led him to regard the remains under con- 
sideration as those of a volant bird, most nearly approaching the genera 
Pelecanxis and Diomedea ) and as the evidence derived from the cranium of 
Dasomis would indicate a bird too large to be upborne by wings to which 
these bones might have belonged, whilst the skuU of Odontopteryx is far too 
small to have formed part of a bird with wings as large as those of the 
Albatross, and LithomU and Pelargomis are excluded by the characters of 
their remains, the author concluded that the bones obtained by Mr. Shrub- 
sole furnished indications of a new genus and species of flying birds, for 
which he proposed the name of ArgUlomU longipenms. He regarded it as 
probably a long- winged natatorial bird, most nearly related to Diomedea, but 
considerably exceeding the Albatross (D. exidans) in size. — Proc, Oeol. Soc., 
19 Dec. 1877. 

A Fosfil Fungus, — Mr. Worthington G. Smith has given a long descrip- 
tion, with figures (** Gardener's Chronicle," 1877, p. 499) of what appears to 
be a paratdtic fungus allied to Peronospora, found traversing the scalariform 
axis of a Lepidodendron, The mycelium is formed by slender threads with 
numerous joints or septa, and bears upon short branches a considerable 
number of spherical oogonia or zoosporangia, within many of which the 
zoospores can be clearly distinguished. Singularly enough, both the oogonia 
and their contained zoospores are of precisely the same size as the corre- 
sponding oigans in the existing Peronospora infeaUmSf the fungus of diseased 
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potatoes. For this parasite Mr. Smitli proposes the name of Peronotporitea 
* Peronotpora is one of those low formS; the true position of 
is exceedingly doubtful. If not an Alga, it is exceedingly nearly 
related to the Algse, and we may remind our readers that some two years 
jgo Professor Duncan described before the (Geological Society (" Quarterly 
Jofunal of the Geological Society,^* vol. xxxii., p. 205) the occurrence in 
foeal shells and corals even as low down in the series of formations as the 
BiluziaiiSy of parasitic mycelia bearing sporangia, very similar in many respects 
to the organisms described by Mr. Smith. He regarded these filamentous 
phnts as Algsd, nearly related to the existing genus Achiya, and named the 
ipedesy PdUeoiMya pmforana. Mr. Oarruthers, at a still earlier period ('' Quar*- 
iarly Journal of the (^logical Sodety/' vol. xxvi., p. 351) noticed the o<>- 
carrence of mycelial threads, which he referred to Peronagpora, among the ceUs 
of his 0$nmndite8 Dcwkeri, an Eocene fossil fern from Heme Bay. References 
to previous observers of similar perforant organisms in recent and fossil 
shsUsy and other hard parts of animals, will be foimd in Professor Duncan's 
paper above refened to. Professor Eolliker regarded the parasites observed 
by him in recent sheUs as Fungi. 
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A Third Diurnal Barometric Maximum in Winter, — M. Rykatchev 
SDDoimces (" Bull. Acad. ScL de St Petersb.,'' tome xxiv., No. 1, p. 108) 
tluit throughout the temperate zone of the northern hemisphere the 
buometer in vnnter, and especially in the month of January, shows a third 
ainmum, or at least a greater or less rise between one and two o'clock in 
the morning. He gives a table showing the diurnal course of the barometer 
at numerous stations in Europe, Asia, and North America, in support 
of his statement. His third maximum is greatest between latitudes 40° and 
4£P N. ; in the tropics it is not observed. M. Rykatchev takes occasion to 
pdnt out from the occurrence of this maximum the necessity of day and 
inglit observations of the barometer at all stations, seeing that the barometric 
Carres drawn in accordance vdth Bessels' formula from day observations 
<]n>e give no indication of it. 



MINERALOGY. 



Cohradoite. — Closely following on Krenner's announcement of the occur- 
nuoe of bonsenine (gold telluride) at Nagydg comes the discovery by Genth 
of a new telluride, to which he has given the above name. Q* Amer. Joum. 
8d," 1877, xiv. p. 423). It has been met with in the Keystone and Mountain 
lion Mines of Colorado. The new species is not crystallized, and has an 
inm black colour and metallic lustre ; its composition has been found to be 

Mercury 60-98 

Tellurium 39-02 



100-00 



AntiquuB would be a better specific name. 
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which oumhers correspond with the formula Hg Te. In the oame nune, th» 
Kejstone "Mme, where this mercury tellnride occmBy two more new minenli 
have heen discovered. One, which haa been named moffnoHtey is found in 
bundles or tufts of white silky needles ; they appear to have the composition 
indicated by the formula Hg, Te O^. The second, ferroUlhurite^ fonns 
delicate tufts of minute prismatic crystals of a straw and lemon-yellow 
colour ; their composition is probably represented by the formula Fe Te 0^. 

CagsinUe, — Genth, in his Report on the Mineralogy of PenDsylTania, 
states that while the minerals, lenilite and delawarite, which Lea regarded 
as varieties of orthoclase, are identical with orthoclase, cassinite, on the 
other hand, which Lea had also included in the same category, proves to be • 
of interest from the fact of its containing 4 per cent, of baiyta. The densitj' 
of casanite is 2-692, and the analytical results which G^nth has published 
show the oxygen ratios for (R, O + R 0) : R, O3 : Si O, to be 1:3: 10.7. 
His results are of interest when compared with those of Des Cloiieaux on 
baryta-felspar. — Zeittchrift fur KryttalL und Mineraloffie, 1877, 1298. 

Venerite, a New Copper Ore^ — ^This ore occurs in the Jones Mine, near 
Springfield, Caernarvon Township, Berks Ck>unt7, Pennsylvania, a localitj* 
which has long been known for extensive deposits of magnetite, with, more 
or less chalcopjrite, malachiite, and chrysocolla. In one part of the mine 
Sterry Hunt observed some layers of a green earth-like substance vriliich, 
during the last few years, has yielded a considerable amount of copper. 
When dried it has a greenish white colour, and readily crumbles to a powder 
which, under the microscope, is seen to consist of thin transparent plates 
mixed with a few quartz grains and some magnetite. Analyses of a pure 
pecimen gave the following numben : — 

Silicic acid 80*73 

Alumina 14*67 

Iron peroxide . . « . . 6*36 

Iron protoxide 0*29 

Magnesia 18*66 

Copper oxide 17*68 

Quartz 12-83 

100-00 

The oxygen ratios of R : R, O, : Si O, : H, O are 3 : 4 : 6 : 4, from 
which it appears that the substance, if homogeneous, must be placed among 
the chlorites. — Zeitschrift fur Krystali, und Mineralogie, 1877, 496. 

SUaonUe. — Fernandez and Navia have given this name to a new selenide, 
which they have found associated with guanajuatite. It occurs massive, 
has a bluish grey colour, a hardness of 2}, and a density » 6*43 — 6*46. This 
new Mexican mineral appears to have the composition indicated by the 
formula Bi, Se. Selenium in small quantities has been found in association 
with tellurium in the joseite of Brazil. — Zeittchriflfur ErystaU.und Minent- 
logie, 1877, 499. 

Vietinghqfite, — Damour has analysed a mineral found by De Lomonossow, 
on the shores of Lake Baikal. The new species is without ciystalline form, 
has a dull black colour, a semi-metallic lustre, and a vitreous fracture. Its 
hardness b 6*6 — 6*0, and the specific gravity « 6*63. A fragment melta 
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bafore the blow-^pe, forming a black non-magnetjc inasa. The chief 
constitutente of \ietinirholitti are: niabic acid, 51-00 per Feot.; iroa 
protoxide, 23-00 per cent. ; uranium oxide, 8'86 per cent. ; jttria, B C7 per 
cent, ; and maimaneBe protoxide, 2'&7 per cent. The new mineral appears 
iherefoire, to be a variety of Samarakite. — Bull, de fAcad. St. Pctftr^ourg, 
xiiii. p. 463. 

TonehMtone. — Dumas has recently published the reaultg of an anolyaia of 
■ specimen of touchstone, probably the very speciiuen examined by 
Vaunuelin, ("Journ. Ohira. Pharm.," xxii, p. 426). The silica preaent 
amounts to Sr40 per cent He believes the touchstone to be a variety of 
fc^il wood, a small portion of the woody tissue of wliich has not been 
replaced by silica. Oertain specimens from the AJps yield on i;piition an 
ssh which conaiata of silica only ; they still retain, however, sufBcieat 
evidence of structure to allow of the determination of the ^enus whence they 
ate derived. A microscopic examination of sections of touchstone by 
Rtgnault has shown that in Bome cases the orgnoic matter present coni^iats 
of a variety of bitumen resulting from the decomposition of the tissues of 
the ori^nal wood ; the intense black colour of that substance, as it fills the 
cdl-walls and spaces once occupied by fibrous structure, renders the form 
Mid details of the cellular portion apparent. 

M^euriltt. — Professor TAchermak, of Vienna, lias issued a short notice of 
the important additions made, down to the end of September, 1677, to the col- 
lection of metaoritea under his care, Burin)f the last live years stones from 
twelve, and irons from eight, new localities have been added. The remain- 
ing (fourth) fragment of tlie giant stoue of Knjahinya has been acquired by 
purchase, and it now weighs, in its entirety-, 203 kilog, A larjj^ mass of, 
iron, weighing 108 kilog., from the Bolson da Mapini, Oohahuila, Mexico, 
has likewise been acquired. The total number of talis now represented is 
30e ; in 1811) the number was 30 ; m 1843 it rose to 04 ; in 1860 it wa« 
176, and b I8G8 it attained 244. Since It^a Professor Tschermak haa 
added specimens of 64 falls, previously not represented, to the collection; 
aod the total weight of meteoric matter has during the interval been 
i^crvased from 570 kilog. to 1026 kilo^. The must recent aerolitic showers, 
r which specimens have been secured, ara those which occurred nt Iowa 
itT (Amana), Iowa, February 12, 1875 ; and Zsadany, Temeser OomJtat, 
ifimgary, March 31, 1675; and the last now meteoric iron comw ftom 
Nemumaiuisdorr, Pima, Saxony, and bears the date 1872. 



PHYSICS. 

I of Nickel. — M. H. Wild baa iovyatigated the niafrnetic pro- 
fsrtiea of pure nickel, and comes to the following conclusions. Unlike puro 
(inft) itnn, pure nickel acquires a considerable amount of permanent mag- 
Mlism, but its maximum is only from one-third to one-half of the permanent 
BkgnetiBm acquired by hard steel, according to the goodness of the latter. 
The magnetism remaining in nickel after the cessation of the magneliiin^ 
inllurace b leaa permanent than in well-hardened steel; and the gradual 
'■''"» ot raa^netiffiu by lapse of time, as also by warming and cooling, ij 
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comiMntiTelT greater in nidkel thmn in luid stael, eTen when it is Inooglity. 
fike the steel, to a certain state of pennanence hr repeated heating and 
oooHng. In this cooditiony the tempnatnre-coefficient of a nickel-magnet 
is little greater than that of well-hardened steeL The temporary mag* 
netism acquired br pore nickel is aboat dooUe its permanent magnetic 
moment, half the temporary magnetism acquired by hard steel, and one- 
fourth of that of soft iron. — (BmO. AeaiL Sd. de St, Pietenb, tome xxiy.. 
No. If p. 1.) 



ZOOLOGY. 

The HMnoceroBtg. — ^Professor Brandt has eommonicated to the Academy of 
Sdences of St Petersburg a synopsis of the fiunily Rhinocerotids. He 
diyides the family into three snbfiunilies, namely: — 

I. Thtftanodcntes or H^fpodonte$j with nidimentary incisors, and molars 
resembling those of the horse. It includes the nngle fossil genus Bias- 
matherittm, 

n. AulonodcnteSf the typical rhinoceroses, destitute of canines and fre- 
quently with rudimentary incisors, fiirmshed with molars with seyeral roots^ 
and with the crowns trayersed by rather oblique transyerse furrows. The^e 
are usually homed, and include the following genera : — 

1. Atelodits, Pomel, with the subgenera TicAorknutt, Brandt (antiqtdt^rttt 

and Mercku), Mewrkinocerm, Brandt (lepimrkimui), CUodua, Brandt,. 
(jpachygfuitkug), and ColcbognaUm^ Brandt (Mcontw and 9imu$), 

2. Dthoplits, Brandt {Schleiermacheri and [?] Momanientii), 

5. CsBATORHDTUS, Gray (jtufnatren»$, lasiotii^ and eucuBatus). 
4. RHnrocEROs, Gray (goneUncuSy uniconm and inermii). 

6. AcEBATHEiuinc, Kaup (incinvum, tnmutum and GrMfium). 

HL PaUeotheriodoTUes with six incisors and two canines in each jaw, and 
molars like those of the second subfamily. Includes only the foesQ genus 
Syracodon, Leidy. — BuO. Acad. Set. de St. Petenib.f tome xxiy., No. 1, 
p. 167. 

A Zoological Laboratory for the Channel Idand». — We learn that Mr. W. 
Sayille Kent is now endeayouring to establish in Jersey, by the agency of a 
Limited Liability Company, a Museum and Laboratory of Marine Zoology 
axid Institute of Pisciculture. He proposes to realize in Jersey the adyan- 
tages at present furnished only by the Neapolitan Marine Aquarium and 
2kK)logical Station ; and at the same time to supplement the resources of the 
estabUshment, and promote the study of the animal inhabitants of the sea, 
by supplying zoologists in England and elsewhere with specimens of the 
creatures forming the rich and yaried fauna of the shores of the Channel 
Islands. Scientific pisciculture is also to constitute one of the leading objects 
of the " Society." Such an undertaking, if it can be carried out, cannot but 
furmsh a new attraction to the numerous yidtors to Jersey, and must exer- 
dfle a beneficial influence on the study of marine natund history in this 
country, and we most heartily wish it success. Particulars of the proposed 
undertaking will be found in '^ Nature ** for December 6, 1877. 

The Tape-vforms of the Shreum. — ^In the number of this Beyiew for July 
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^HB7f p. 334, we gave a brief account of a dbw form of resieiilsr pnraaite 
^^Bb^yiocysCu biliariiis), detected by M,' Villot, adiicriiig to the biliarj 
^^pnela of Glomerit. That gentleman baa unce described a Becond species 
^Tinder the unme of Staphylocyiiti» micracant/iia, fruin its booklets htmg 
taailtr tban tbo«e of tbe first-named farm. Tbe singularity of the haUtat 
of theae larTal Oefltoids is now explained by the discovery made by 
M. Tilliit, that they are the itcolices of Tteaios infesting the intestines of the 
Sbrewa, as the«e email maouuBls will undoubtedly devour any specimens of 
fil'imrri* tbat may likll io their way. According' to Diijardin, our common 
:Slirew (AVirtr vuUjarii) harbours a Tape-worm named Tieiiia aeutigcra, 
whilst the little Garden Shrew (Sarr^v arantwi) isinfeeted by three foims 
of theee pnrafitea, namely, Tmnia ecnlarii, tiara, and jnttillum. M. Villot 
reg&ida the distinction between T.tattigern and »calarit as founded in error, 
«nd thinks that these two forms coastitute probably a single species, 
irhich would therefore infest both species of Shrews; of this species his 
Slapkt/liirysta bHiariut ie probably the scolex. S. micraeanthiu he refers with- 
OQI heeitnlion in the same capacity to Tttnia jMiUum. 

The history of these parasites is therefore as follows, as interpreted hj 
M. Villot : — The adult progrottids, or so-called joints of the full-grown Tape- 
worm, loaded with their cargo of eggs, issue from the intestine of the Shrew 
and Fsmaiu un the damp ground until some wandering Olomerit, either by 
•eddent or design, tabes them into his stomach, probably along with tlie 
decayed vegetable matters on which tbe Myriopod habitually feeds. Once 
in the vtomach of a, suitable host, the young embryos of the parasite will 
make their way into the Uliary ducts, which open near the commencement 
of the animal's intestine, and. travelling along these for some distance by the 
agency of their stylets, will finally travurse the walls of those veeeels in 
take up their abode in the midst of the fatty tissue. Here they lose their 
embryonic aglets, which are no longer of service to them, pass to Ihe 
vesicalar state, tmdergo proliferous multiplication, and become scolices. A. 
Shrew meeting with one of these Myriopoils would eat him up vrithout 
ht^tation, and thus introduce into his own stomach perhaps a hundred or 
man- scolices, which would at ouce attach themselves to the intestine and 
-r id into perfect Tapc-worras. — Ounpteg ri-ndvs, November 10, 1877. 

Purple {h/sler>. — It appears that last autiimn the oysters in the Bay of 
1 rcschon acquired a very remarkable violet colour. M. Descoust finds that 
lliia coloration is due to the presence in the oyater--basin of great quantities 
of a Floridean Seaweed, Jthi/tiphitra tijicloria, the spores of which are 
lery highly coloured. He finds that the colouring matter of these spores is 
mimilaled by the oysters, nnd retained by them, more or less modified, in 
the lobes of the matitle and the bmncbin, and tbat they cannot get rid of it 
vnlase the water of the oystpr-pai'ks is suiEciently diluted by rains. He 
«ys thai last summer, and especially during the months of June, July, and 
^iiTUtt, the drought was extreme all about the basin of Aicachon; henoe 
■ rysters became gorged with tbe colouring matter, the water of the 

irk; not being sufficiently diluted to dissolve the latter Qniiplet rendug, 

^■.>veBlbe^l9. 1877, 

Tlw Great He»foun£imd Caiatnarirt. — Prof. Venill has lately had an 
jjyirtuoity of examining a One example of one of these ^gantic Cepha- 
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lopodsy wlncli enables him to coneet some of his pmioiit notioiia aboot 
thenL The specimen, which was aliTe and neerly perfect when foond, wis 
cast ashore, after a severe gale, at Oatalina, Trinitf ^aj, Newfoondlaiidy 
on 24th September last After being ezhihited for two or three dajs at 
St. John*s, it was sent in brine to New York, and exhibited in a tank fbll of 
alcohol at the Aqoariom in that city. 

Prof. Verrill says (''Amer.Joum.ScL,''NoTembert877,p. 436): "< Although 
somewhat mutilated, and not in a rery good state of pre s ei i a tion when 
received, it is of great interest, being without doubt the largest and best 
specimen ever preserved* It proves to be ArckkeuMi prmeqm^ formerly 
•described by me from the jaws alone, in this Journal (' Amer. Joom. ScL,' 
vol. ix. p. 181). The jaws agree well in form and colour with the large 
pair there figured, and are fuUy equal to them in size, being apparently larger 
in proportion to the body than in A, monackag ; so that my estimate of the 
probable size of the body of the former specimen was much too great. The 
-Oatalina specimen when fresh was 9*6 feet from tip of tail to base of 
arms ; circumference of body 7 feet ; length of *AntiM*nUr arms SO feet; 
length of longest sessile arms (ventral ones) 11 feet; circumference 
at base 17 inches; length of upper mandible 6*25 inches; diameter of 
large suckers 1 inch; diameter of eyenBockets 8 inches. (The eyes 
were destroyed by the captors.) It agrees in general appearance with A, 
monachtu, but the caudal fin is broader, and less acutely pointed ; it was 
2 feet and 9 inches broad when fresh, and broadly sagittate in form. 
The rims of the large suckers are white, with very acutely oo w a te margins; 
•and the small smooth-rimmed suckers, with their accompanying tubercles, 
are distantly scattered along most of the inner face of the tentacular arms, 
the last ones noticed being 19 feet from the tips. The sessile arms 
present considerable disparity in length and size, the dorsal ones being 
somewhat shorter and smaller than the others ; the serrations are smaller 
on the inner than on the outer edge of the suckers." — Although Professor 
Verrill has found himself compelled, on better acquaintance, to reduce con- 
siderably the size of his monster (which he formerly thought to be 19 
feet long in the body), the measurements here ^ven leave him still a 
sufficiently formidable ** Devil-fish," and it is probably v^ith a view to his 
suitable appearance in that character that, as we are told by Professor 
Verrill, the animal has been " prepared" by a Caxidermist, ''who has inserted 
two large, roimd, red eyes close together on the top of the head I ^ 
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A NEW FIELD FOR THE MICROSCOPIST- 

Br W, SAVILLE KENT, F.L.S,, F.Z.S., F.H.M.3. 

[PLATES m. AM> IV.] 



Fno department of mechanical science, probably, duriog' 
the last few years, has the march of progress been productive 
of more conapiciioiia and Hiibatantial friiita than in that one 
associated with the construction and perfection of the higher 
magnifying powers of the compound microscope. It is but a 
short while, indeed, since an amplificatioii of some 500 linear 
dLuneters was about the utmost that could be saft^ly relied 
upon by the niicroscopist for the accurate interpretation of 
iodependent minute organisms, or for investigating the ultimate 
itnictiire of more highly complex tissues. Now, however, thanks 
b) the mechanical and seientiSc skill of both English and 
''■reign manufacturers specially devoted to this branch of 
'■i)Ucs, our range of vision among the atomic elements of this 
"iidrous world has been extended to an almost incredible 
degree. A magnifying power of 2,000 or R.OOO diameters is 
in these davs at the disposal of the merest tyro, while Messrs. 
Pcwell and Lealand, the opticians of this country to whom the 
palm of merit tor the construction of object-glasses of the 
i:i:;hest magnification is almost universally accorded, are able 
■ produce a lens yielding with their deepest eyepiece an 
::aplifioatioD of no less than 15,000 linear. To work successfully 
'jth a oDe-Hftieth inch objective and No. 5 eyepiece, the com- 
i'Liiation giving this marvellous magnification, or indeed to see 
■iiything with such a glass, belongs, as might be anticipated, to 
lie professional expert only. A one-sixteenth inch objective, 
however, capable of yielding the more moderate but still con- 
oderably advanced amount of magnification previotisly named, 
is at the present date as accessible from a pectmiary point, and 
J'':T a little practice is as convenient to work with as aa 
'liinATV one-quarter inch glass of the best construction. 
k would be a matter for congratulation if we could place on 
r'idird side by side with (his attestation to the mechanical 
perfection and improvements of our magnifying instrumentSf 
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evidence of an equivalent amount of progress achieved b] 
microBcopic workers in those uew fields for investigation tlirowi 
open to them by the skill of the optician. With humiliatioi 
it is, however, necessary to admit that these new and high-clas 
magnifying powers, dlBtributed as they now are broadcast through 
out the laud, are destined in the majority of instances to fulfil I 
most unimportant if not ignoble role. Bosed up in the cabine 
of their possessor, they rarely see the light, except, maybe, fo 
the purpose of a more often than otherwise abortive attempt U 
resolve the dots or strife upon the siliceoiis shell of some ol»cuP 
and vexatious diatom, fur^er weighted or handicapped in mi 
instances by immersion in a medium intentionally employed 
the purpose of reuderiog previous obscui'ity still more obecui© 
or again, perhaps, for an exposition of the owner's views of th' 
nature of the markings upon a Podura scale, or for an attemptec 
solution of some occult question of angular aperture. Granted 
that the accomplishment of such trivial ends, and the emulatioi 
entertained among amateur microscopists to possess a lens tha 
shall outstrip their neighbours' in the perfection of its defioisi 
power, has contributed in no small degree towards the Mghes 
triumphs of the optician in this department, it is still greatly to bi 
deplored that so much latent power of discovery should thus lii 
year after year, like the golden talent of tradition, buried in i 
QSpkin. Surely, among the myriads of minute organisms at thi 
base of the animal and vegetable worlds, there is room enougl 
&nd to spare for valuable and even original investigation ! Here 
indeed, the harvest-field is full to the overflowing, and to any 
entering upon it in a scientific spirit, possessing ordinary dex- 
terity of manipulation and some rudimentary knowledge of th( 
forms he is likely to encounter, may l>e proniised a reward fiu 
more gratifying to himself and more useful to his fellow- worker 
than he can achieve by a lifetime devoted to the solution of thi 
markings on a frustule of SuHrdla gem/ma or on the scales ol 
Ii&pidocyriis cwrvicoUis. ' 11 n'est,que le premier pas qui coute 
— and here as elsewhere the chief obstacle experienced by Uu 
amateur worker, armed with his new high-power objective, and 
ardent to win his spurs as an original discoverer, is beyond doobt 
the selection of a subject. In recognition of this diflSculty of^ 
making a commencement, and also of the assistance and encoa- 
ragement that may oilen be derived from tbe narration of per- 
sonal experience gained in the striking out of a novel field, a 
brief account will here be given of some of the results of a rathel 
successful forage or series of forages conducted by the writer 
during leisure hours within the last few years, in association with 
certain newly discovered or previously little known Flagellate 
Protozoa ; all these forms again, without exception, requiring 
for their satisfactory interpretation the employment of thosa 
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^owerliil and high-claims magnifying powers referred to 
openingf gentence. 

It will no doubt be remembered by many readers of thia 
Joamal that certain members of the Flagellate Protozoa, em- 
bracing several of those free-swimming monads which occur 
abundantly in fish- and other animal-macerations, have already ' 
been brought before their notice." On this occasion, however, 
it ia proposed to give a brief descriptive outline, with illustra- 
tions, of an extensive series of forms that have so far, on ac- 
eonnt of their exceedingly minute size, altogether evaded the 
notice of the microscopists of thia country, but which at tbe 
sme time most certainly surpass all preriously discovered types 
equally in the wonderfid symmetry of their individiial form and 
in that of their aggregated mode of growth. So long ago as the 
yew 1866 a few straymembers of this flagellate group, to which 
Btteotion will now be directed, were made known to the American 
Rcienti6c world by Professor H. James Clark, of Pennsylvania, 
TJjS.A^ who described and figured four species only, three of i 
tiiese inhabiting fresh-, and the remaining one salt-water. Most 
anfoitnnately for science this authority did not long survive hia 
discovery of these new forma, and had, consequently, no oppor- 
tunity of further extending and fully matiuing his acquaintance 
with the flame. Since the death of Professor Clark no other | 
investigator, with the exception of the contributor of this article, 
appears to ha.ve knowingly encountered a single representative of , 
the group in question, which may thus be said to have vanished 
from scientific cognizance. 

The first acquaintance made by the writer with the new 
poop of Flagellate Monads now to be introduced was in the | 
antmnD of the year 1871, when occupied in investigating the 
bfiuonal fauna of a »malt pond situated in the North London 
&brict, and fed hy water from the New Hiver Company. What 
tl first sight during these researches presented the aspect of 
mmerous closely aggregated colonies of a minute species of 
" J Utyli'8, resembling the E. hotnjt.is of Ehrenberg, proved upon 
leacciuate examination and with theaidof a magnification of ' 
I it 700 diameters, to be identical with the new type introduced 
F'rofesBor Clark a few years previously, under the title of Codo- 
■1 1 pulclieTTima. A representation of this earliest, discovered 
1 very elegant compound pedicellate monad will be found at 
t<? III. fig. 9, accompanying this article. The identity and , 
natural peculiarity of this type having been once recognized, a I 
ivbriefinvestigation sufficed to detect in thewater of thissi 
!id the whole of the three fresh-water species originally found 

* See articlo od " Recent Researches ia Miaute Life," by H. J. Slack) 
f.G.% Pop. Sc. Eer., vol. my. p. 245. 1876. 
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and dfrscnr^l bv Prof^soT Clark, and in additi«Mi. a foorth and 
still m:r-=r remarkable ani Iimhant-^r^wing variety. A brief 
aniiOTiiicemerir of thi* diioiTerv within British waters of these 
iriteresring Flagellate types, with notes npi-n a few other allied 
form?, wa, communicate'i to the November meeting of the 
Koyal Microscopical .S>jie*.y of London, and appeared in the 
S'Krietv'j? Journal f')r Jan'iTiry 1*72. From that period up to 
the present date c»:)n:inTie'i reaearches bv the writer in the same 
fertile field have 1/een ?•> far rewarded that the borders of this 
inrere=rirjg, and a* now shown widely dL^^buted group, have 
ha/1 to 1^ extended for the admission of some fortv or fiftv 
well-iTiarked .species. From a numerical p^nt alone, indeed, 
it ha.=- now been demonstrated to occupy a? imp>rtant a position 
H'i any of the leading and natural di\-ision5 of the lower Protozoa 
Tf:f:t*{rxii7j-<\ previous to this discovery: while in structural organ- 
ization they are found to exhibit so novel an aspect as to demand 
the cr^*ation of a new sectional title equivalent to that of an 
ordr-r, if not a clas-!:, for their reception. 

A glance at the two plates illustrating this article (perhaps 
aln-afly taken), will at once place the reader en rapport with the 
/•-senfial characteristics and more important known \Turieties of 
fhi-- newly discovered group, and which are here reproduced 
with con hide ruble reluct ion in both size and number from the 
fiill<rr df-tails that accompany an extended monograph of the 
■■;iTn^^ now awaiting publication.* The most prominent feature 
of ail these types, and one that serves to conspicuously dis- 
tinj^ni.-h them from all previously known Protozoic formF, is 
the pres^-nee at the anterior extremity of each indiWdual monad 
of a hyaline, wineglass-shaped expansion, from the centre of 
the liJise of which the long lash-like flagelliun takes its origin. 
On this remarkable wineglass-shaped structure Professor Clark 
ori^iijjilly bestowed the appropriate title of the 'collar,' and by 
UiJK apfK;l]ati<»n it will hereafter be distinguished. Specifically, 
tijis ilfWc'dUt hyaline organ, the collar, is of such extreme tenuity 
that it,s true form and Ucature can be brought out only by a very 
careful adjustment of the achromatic condenser or other accessory 
illurniiiating appanitus employed, and is even then exhibited 
U)i]ic grejitesi advantage by supplying the type under examina- 
tion with artificial food, such as carmine or indigo. Under the 
condition last premised it will be found that this collar consists 
of a thin in fund ibuli form film of sarcode that may be protruded 
from and withdrawn at will into the general substance of the 
inonad*s Inxly in the siimc manner as the sarcode prolongations 

• Til 1*^0 fuller details are embodied in " A MoDograph of the Collar- 
)H>ariii^ Klaf^ellatAy Scc^ Scc,"^ communicated to the meeting of the Linnean 
Society hold June 21, 1877. 
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r pseudopodia of an amoeba or other Ehizopod. As in tlie 
pseudopodia of certain Rhizopods, such as the Foraminifera, it 
will likewise be found that notwithsttanding the extreme tenuity 
of this sarcode film, il circulation of its substance is being con- 
stantlj maintained, Sowing upwards on the outside, over the 
distal edge or rim, and domiwarda ou the inner surface, at the 
lose of which it again comes in contact and merges with the 
general sarcode of the hotly. The services performed by this 
wiQegla&s-like film of sarcode &s a branchial or respiratory 
organ are doubtless considerable, but tbia by no means repre- 
sents it* most important function. In conjunction with the 
centrally enclosed ribratile flagellum it represents the moat 
admirable trap or snare for the captiure and retention of food 
that can be possibly imagined. Whirling round with incon- 
ceivable rapidity this last-named organ, the flagellum, creates a 
strong ciu'rent in the water, setting from behind forwards in the 
direction of its own apex, and bringing with it all such tiny 
organic particles as do not possess sufficient power to stem it« tide. 
But for the outspread collar these atomic particles would simply 
hurry witii the stream past the monad's body and out of reach. 
Not for them, however, such an easy passing of the rapids. 
The dangers of dread Scylla lurk midway in the whirlpool of 
Charybdis ! In the midst uf their swift career they strike against 
the outer surface uf the almost impalpable film of sarcode of 
which the coUar is composed, and to this they now adhere as 
tenaciously as the snared bird to the lime-covered twig, or an 
incautious fly to a spider's web. Then slowly, almost imper- 
ceptibly, the captive atoms, be they alive or dead, are carried 
along with the circulating current of the collar's substance, 
until, on reaching the base of the interior of this structure as 
just now described, they are there engulphed within the sarcode 
fuhstance of the monad's body as within a living grave. A 
diagrammatic illustration of the modus operandi of this remark- 
able feeding process, and also the aspect presented by one of 
these monads that was induced to make a hearty meal off minute 
particles of carmine, will be found at PI, III. fig. 1 9. The food- 
particles after ingestion, as above, are gradually accumulated into 
^berical agglomerations and then passed wittiin the interior 
e( tlie body in a manner identical with that accompanying the 
feeding process of Vorticella or other of the higher I ufuaoriul types. 
Sefttse, or undigested residual particles of food, are finally libe- 
rated f^m the same area, limited by the base of the collar within 
which they primarily gained access. In common with apparently 
til other representatives of the Protozoa, these minute collar- 
bearing monads possess from one to two or more of those rhythmi- 
cally expanding and contracting spaces distinguished by the title 
of " contractile vesicles." With these structures there is usually 
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2^sociakted the fancdoQ of a rudimentanr heart or respiratory 
organ, and in xids particular groap they are most generally 
nzaakZed at the poeteriiT extreznitr of the monad's body. 

Passing now fpjm «aeh characters as are shared in common 
Viv all the members of the Flagellate groop to those which serve 
TO liLrtingoi^h them individnallT from each other, one is amazed at 
rhe infinity of f<xm and variatioa in the arrangement of similar 
primary elements that are presented. The essentially plant-like 
aspect of many oi these constitntes one of their most conspicuous 
fri^tures, ti) which has alit3 to be added the remarkable extent 
ti> which will be here found foreshadowed on a much more 
minute but surpassingly luxuriant scale those individual or 
aggregated types of growth hitherto supposed to be confined 
to the more highly organized Ciliate order of the Infusoria. 
Examined from this latter point of view, the various species of 
Codoslga^ consisting of numerous individual monads grouped 
tc>gether on a simple or Ixanching footstalk, immediately recall 
to mind the compound pelicellate colonies of Epistylis or Zoo^ 
ttiamnium ; few, however, among these latter presenting such an 
exuberance and symmetry of growth as is instanced by the forms 
Codosiga cymosa, alloid^s, and umbeHata, illustrated by figs. 
1, 4, and 5, on the first of the accompanying plates (PI. III.). 
The solitary species, belonging to the genus Morumga, again, 
ih. figs. 16 and 18, may be accepted as corresponding with the 
simple and initial factor of the group typified in the same higher 
Ciliate order by the genus VorticeUa. This simile in association 
with the family of the Vorticellidje may be carried yet further, 
for while among these latter there occur genera, e.g.<, Cothurnia 
and Vaginicola, in which the animalcules secrete around them 
chitinous protective sheaths or loricae, so likewise we find what 
may be regarded as an homologous structure repeated in the 
genus Salpiiigceca (Plate IV. figs. 2, 9, 1 1, &c.), though in this 
instance with a diversity of contour altogether unapproached in 
either of those higher types. This genus Salpingceca is alone, 
in fiEMit, worthy of independent study if only on account of the 
exquisite variety of form presented by these protective sheaths, 
many of which may be said to vie in chasteness and elegance 
of design with the classic vases and amphorse of the ancient 
Greeks. In the genus LageruBca (Plate TV. fig. 42) is found 
a fi-eely floating loricate type, which may be compared with the 
Ciliate genera Tintinmia or Codonella; while in Polyncsca 
(Plate IV. fig. 1) is encountered a variety whose compound 
lorica resembles the polypary of a minute Sertidarian Zoophyte, 
and which has no pardlel among that higher order of the 
Protozoa with which previous comparisons have been instituted. 
Not less interesting than the varied forms of the protective 
loricie of these collar-bearing monads as above referred to, are 
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Um protean sbapes assumed at will by their minute occupants 
(iiiiiug both their adult and developmental states. A variety of 
the more remarknble of these will be found represented in the 
accompanying i] lust rat ions. Thus one of the moat cosmopolitan 
representatives of the tribe, Salpingoeca amphoridium^ while 
under ordinary conditions exhibiting that aspect characteristic 
of all other members of tlie group broadly described on a pre- 
ceding page, is at times, to all but the initiated, metamorphosed 
beyond recognition. In one of the3e phases (Plat« IV. fig. 4) 
it will be seen that while the flagetlum remains extended, a 
portion of the body-sarcode of the monad is protruded from the 
aperture of the lorica. A still more singular form frequently 
Aisuued by this same species is delineated at fig. 5 of the 
■Time Plate. Here both the collar and flageUum have entirely 
■;-,-\ppeared, and one-half or more of the body-substance is pro- 

■ 1 ted from the orifice of the lorica in the form of numerous 
li.vte processes resembling the pseudo]>odia of a D-ifflmjia, 

■ which Rhizopodal type the creature now bears a close re- , 
niblance. By patiently watching an example presenting this 

''ilTiugianaspectjitwaB found tliat in a little wliile the protruded 
li-ite portion became gradually separated from the posterior 

:: ilf, and floated away in the form of a minute stellate amoeba ; 

■i.:f subsequently attaching itself, developed a new lorica, and 

.'tlw into a collar- bearing form, idenlical with that from which it 
riji^ally sprang. The posterior half, left in the parent domicile, 
i-'.-dily acquiring a new collar and flagellum, is not to be dis- 

■ )ii!;uirfiGd from the normal aspect it presented previous to 
liiering upon the process of transverse fission. Another and 

■ iiLiraeterirtic phase frequently observed in association with this 
i:ue species is that quiescent, or "encysted," condition re- 

TK -sented at Plate IV. fig. 7. During this period of its life- 
•ioT\ all external signs of vitality are suspended, and the 

■ ly of the monad shrinks into a spherical or ovoid shape within 
ii- fiaiik-like habitation. A little later this encysted monad breaks 
tip into numerous locomotive spore-ehaped bodies, each furnished 
•ith a single flagelliform appendage. These, after dispersing 
themselves through the surrounding water, become attached, and 
erowiag to the likeness of the parent form lay severally the foun- 
dation of future colonies. An illustration of the liberation and 
dispersal of the locomotive spores or germs of an allied species, 
8. fueiformis, is given at Plate IV. fig. 26. 

While the mode of increase by fisai-gemmation in the loricate 
^pe Salpmgaca almost invariably takes, as already described, 
a tiansverse direction, it appears in the compound pedicellate 
;'>'[ms Codosiga to as constantly follow a longitudinal one, it 
.'■■ing, indeed, this latter mode of fission, accompanied by the ad- 
' ^;Lente to one another of the individual monads by tbeit baaea» 
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f^nis» .f '^> ':j*afc:r.if-l s'rc.-as lt* rraraMd. A ^fngie monad 
'•• (!Vi-y*'.>j'i j/^'/^-vSi/rrri'^ri 2 i« ti»?n t:: Pit::^ IIL £;?. 10 in the ict 
i c.v.TjT.if :Lro tTO ':t Tlir l&s::'=2&:=>>ii ec^riiKcrifvfe mode of 
\^-i'jZ^ hZji izi 'wticb pr>:*s :- "H- :»r *«=ie*: iht: whe diriaoD ex- 
*«f:ji» •.o br.i rL*: Ltjuld^ ollij »i;i-^ rAgeal-m- TiK&e several 
:>r»f»^*.e5 of zix\l\iiil'3bzL'/L — ^:t £«i:c is. a tTr^fvLi maimer azul 
hy t:-*: %:f4.'f.'.z.'^ Tjp of tb^ t&rei.: ••.•ij, iSer enoyscment, into 
j y://TriV«T«: -y^res — 2j"e f>ui{i to persis:: isi-t ocIt thrY:4igbout thii 
-j/^.-ia] n/jVj^zAji^bjiziZ groTsp, cui nus:: r..» eviieatlj be accepted 
2L.a prer^iitfrjif thf: Lormal mr^bio of repr-^i'^crioa among all 
Pr'/r/i'iic strj?tur«. PrF-ewiii^ ihia ii»re imp3rtant mode of 
irjcr*a.=?^ bj tfj*: re^-'ji'itioa of trje parsit bi-ij into ?pores, it 
fr-rquently happeri^ that it? or in>rr in-iiviiGal« coalesce or 
iu*^ iiitircatfrlj, mostly in an am-xl^Md form, wiih one another, 
arid pr'yJuc^ oue «!irjgie capsular encrnmeat- This process, how- 
*-v*rr, do*rs not appear in all cases to he essenriaL Taken as a 
whole, the repr*Aentative« of the protozoic or nnicellalar animal 
i-ijl>-kin^dom are thus shown to asrree in their reproductive and 
'i'rv^lofjmerjtal phenomena with the imicelluiar and other lower 
crvfitou^arrjic plants, and might therefore with equal justice be 
appr'priately denominated cryptogamic animals. These two 
anirnal and vegetable groups again exhibit a further striking pa- 
rallelism, inasmuch as neitlier in the former does a true egg, nor 
in the latter a true seed, constitute the essential reproductive 
prrKluct, as is the case with all of the more highly organized 
structures on either side. Among the developmental phenomena, 
supplementary to the foregoing, presented by the collar-bearing 
^roup here specially considered, that associated with the build- 
ing up of the protect ive sheath of the loricated genus Salpingcecd 
]H well worthy of notice. This structure, as shown in the case 
of *S'. ampufla at Plate IV. figs. 13 and 14, takes its origin as 
a mere mucus-like excretion from the siuface of the monad's 
l>ody, and at a period prior even to the appearance of the collar. 
In a very sliort time atiter its excretion, the lorica acquires its 
nr>rmal conHistency, and is then of considerable solidity, as is 
proved Ijy its retention of its form for a considerable interval 
after the death of its original occupant. 

Alisorliing as tlie investigation of these minute independrnt 
<'ollar-lM»aring monads is sure to become to any microscopist 
adopting tlift same as a subject for study, on the merit of their 
intrinsic Ix'auty and variety of form alone, it has yet to be 
hhown tlnit they j)ossess a still more interesting and important 
bearing with reference to their relationship or affinity with 
certain other animal organisms. Prof. H. James Clark, the 
authority already quoted as the first to report the occurrence 
■"'" '"^ American waters of some three or four varieties of these 
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collar-bearing species, eimultaneoutil; announced Iiis diacoi-ery 
that oue of the calcareoiia-spiculed Bponges {^LeucosoUnia 
h'Aryoidea, Bwbk. ) consisted of aggregations of essentially eimilur 
collar-bearing monads, immersed within tlie structureless sarcode 
r spicule-pruducing element. This important discovery, coo- 
■ rmed by an examination of other species, Prof. Clark regarded 
i- completely setting at rest the long-veied question concerning 
Hietnie nature and affinity of the sponges, and concUisively 
demims-tratingthe necessity of their recognition as colony-building 
Eigellate infusorial forms. Professor Clark's decease shortly after 
tliis announcement, together with the novel theory concerning 
Ui«e same organisms tbat was brought forward at about the 
«me date by Professor Ernst H^eckel, and in which it was 
SMight to show that tlie sponges were referable to a for more 
biyWy organized animal group, served to almost entirely divert 
tbe attention of biologists from those views that originated with 
the fir*t-named authority. Notwithstanding, however, this tem- 
pMBvy diversion of scientliic thought into a novel, and, at first 
ii^ht, sufficiently plausible channel, the researches of recent 
investigators are tending to confirm the views of the American 
luiiiTAlist. almost all ofthe!<c being unanimous in recognizing 
tiial the ciliated lining of the various-shaped aponge-cavities 
ii)«senlially composed of collar- bearing flagellate cells similar 
to those just described as existing ia LeucoBohnia botryoidea. 
Although thus admitted, however, by such authorities to consti- 
tute an important element in all sponge-stnicturea, very few are 
tl present inclined to concede to tfaeijc collar-bearing flagellate 
wlU the primary position assigned to them by Professor Clark. 
In accordance with the view of the fonner, indeed, each such 
flagellate collar-bearing cell is not to be regarded as a separate 
iod independent monad or individiiiJ, but merely as a single 
wll-constituent of a continuous and epithelium-like internal 
lining membrane. 

The above-mentioned opposing views held respecting the true 
nature and affinity of the sponges may thus at the present day 
U said to provide material for as fierce a controversy between 
leading scientific authorities as was maintained in similar circles 
during the first half of this century relative to the claims of 
ttifse same organisms for admission into the ranks of the 
iiraal kingdom, and which has not for so very long a while 
>n universally accorded them. If, as Prof. Hackel and the 
. .M>cates in wliole or in part of his theory assert, sponges are 
iimfKised of separate multicellular membranes or tissues, they 
iindudbtedly find their nearest allies among the Coclenterata, 
including the sea-anemones and hjdroid zoophytes. If, on the 
othrr hand, as represented by Prof. Clark, they consist of nggre- 
^tioos of uoiceUuiar culhr-beartDg flagellate monads, X\ieS.t 
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place ia imqueBtionably adjacent to the more simple unipellulur 
Protozoa, including the ordinary monads, Khizopoda, and Infu- 
soria. The fuller Uj^ht so much needed to determine once and 
for all this abstruse but exceedingly iutereating question of the 
true nature and affinity of the sponges, has without doubt been 
considerably obscured through the absence, since the death of 
Prof. Clark, of all further testimony or corroborative evidence 
ralative to those independent collar-bearing monad forms upou 
which hia arguments were essentially based, and which, if hid 
views were correct, m'ght be expected on a closer and moro 
extended acquaintanceship to yield parallel structural and deve- 
lopmental dnta of the great«;jt importance, 'i'his hiatus in the 
chain of evidence was early recognized by the writer, and may 
be said to have directly led to the investigations pursued in 
reference to this group within the past five or sis years, result- 
ing in the discovery of the innumerable previously unknown 
species, many of which are figured for the first time in these 
pages. Having this amount of material arailable for correlation 
and comparison, the case for the advocates of the protozois 
nature of all sponges has been immeasurably strengthened, 
while little if any substantial foothold would seem to be now 
left for the adherents of the opposite or ccelenterale persuasion 
Examining numbers of sponges and comparing the struotun 
and manifestations of their collar-bearing unicellular constituent: 
with those of the solitary or colony-forming individuals of thi 
genera Codoaiga, Salpirigceca, and others previously referred ta 
the phenomena elicited were found to be altogether identical. 
Every separate collar- bearing cell in these sponge- sfmcturei 
was found in a similar manner to possess a separate and inde- 
pendent existence, capturing its food in the same manne 

with its exquisitely hyaline wineglass-shaped trap of circulatln j 

sarcode, possessing the same posteriorly situated and rhythmi- 
cally opening and closing contractile vesicles, dividing by lon< 
gitudinal or transverse fission, and idtimately encysting and 
breaking up into countless germs or spores destined to grow U 
individuals identical with the parent form, and further extend th4 
borders of the commonwealth. In common with the independenl 
collar-bearing types, these sponge-monads were found also to bt 
possessed of an equal or even greater amount of plasticity o: 
external form, retracting their characteristic collar and flagellum, 
and assuming an amoeboid aspect in a manner closely identical 
with what has been already described of Salpingceca amphori- 
dium and /vsi/orTnia, Often, again, these sponge monads (se« 
Plate III. fig. 31). having the collar and flagellum withdrawn 
throw out long, slender, capitate processes, which communicate ti 
them an appearance closely resembling that of certain of tbi 
letorial animalcules or Acmetix. 
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That Sponges, taken as a whole, possess a something over 
and above what is encountered in the simple, independent, 
collar- bearing monad types cannot for a, moment be denied. 
What the distinction is, and the extent to which it complicates 
or masks their true nature and affinities, may be briefly ex- 
plaised. A sponge-body, cut through and examined with the 
microscope, though presenting at fii'st sight an exceedingly 
complex type of structure, will be found on closer inspection to 
consist of a few very simple elements. Occupying, in the ma- 
jority of species, the largest, but by no means most essential por- 
tion of its composition, is the glairy, gelatinous sarcode, or syn- 
cytium, which forms, as it were, the basis or superstructiu'e in 
and upon which all the other elements are distributed. Within 
its substance are imbedded, or, in fact, originated, when pre- 
sent, the various skeletal components, whether spicules, homy 
fibre, or a combination of the two, that give to the complete 
sponge that amount of rigidity or variety of contour that dis- 
tinguishes the various species. Abundantly scattered through- 
out the substance of this slimy matrix will likewise be found 
the amcebifonn bodies of every shape and size to which the 
name of "cytoblasts" has been latterly applied. Last and 
moat essential of all are the collar-bearing flagellate monads or 
spongozoa, identical in form and structure with the independent 
collar-bearing species already introduced. These constituent 
sponge-monads most usually either line the entire surface of 
-I'.' inner cavities of the sponge, or occupy special spherical 
' !i:imhers within the same. These three living elements or 
i-i'tors now enumerated, namely, the glairy and structureless 
■ iicytium, the amcebifonn cytohlasts, and the collar-bearing, 
i.igellate monads, once intelligently recognized, the reduction of 
!i>.' sponge-structure to a still more simple formula is, with the 
.;'ht now afforded by a knowledge of the structure and deve- 
fimentat history of the independent collar-bearing types, a 
imparatively easy task. With such accessory light it may be 
iown, indeed, that the collar-bearing monads are tlie only essen- 
I iiai fectors, and that towards them all the remaining structures 
ooonpy an entirely subordinate position. Given, in fact, a single 
me of tJieae constituent monads, and a perfect sponge-body can 
in a little while be progressively built up. By a mucus-like 
' exodation &om its surface the basis of the syncytium is laid in 
t manner absolutely identical with the process by which the 
3* first mucilaginous, but afterwards indurated lorica, or protec- 
II'- sheath of the genus Saipingceca is originated.* By a re- 

' Seteml bigher ciliata infuBorial form » produce a DtucilAginoua investing 
>b(*th by a similar proceHS of exudation. In one of the moet conspicuous 
«f Iheee, OjpArydium versatile, larga colony-masses are foimed containing 



s 'f :ii;xnspt tc i^s'smnmsiaa tixe vigiiiml aponge- 
TTih: lUjotsj TIT ."rnrrts rse&ii^ ihoos^ idR ntire npidly and 
'=^:zj~ -- 'ry T-ie ^xzaeiiaic •aifv^anenc lad bceakixig^ap of the 
:-:«±r^ "?"■• ?c«:r^sw In riie indepouiefit coUkr-bearing 
~»=5w ia- L.rsfci7 si-cw^. 'Jsat rsnss or niores resulting' from this 
^r.CTbs -' rCiT-TCzitsi- iT^ i^scizaT?^ into the ?arroaziding wster, 
izd Tj. Lf ii?ct:r?ei t<: r:nr=^ifrnrii* d£Cuice& In the sponges, 
2:-5^f -r. "m:^ ll*'" :c ■rc-r^s^tz:^!!': tokifs clace within the substance 
:c lie r~:».: ; u lh , izii "n-Jim rs ^«cu»^ are the spores released. 
Iz. "Lii? e.±ciEf!iT- zi'.r^:':'Tr. lieT iaxsaecfateij nnd a most appro- 
ir-ii'f z. : Is :r ^nrrji f.r Thjeir firvir* dev^oDment, and are to 
':e fcc-.-'iz-'Tcfrfi :c -eziziiiari:!! in eTerv phase of transition. 
A? -r ]li5 reec tc^-.-isIj scots, ziiaz the larral or initial con- 
ii'ii.z.? f "Lie ■-zi-rrtfciirrct ^.:Ilir->Eariz^ monads take the form 
•:f •rzr.-'z:: in.r'riE :r kzir-le lirrlLile mooada. so also it vill 
"r«f ::«:zi'i "r^": tI't -•^:llir-'iicar:i:^ si;">n;2[e-monads commence 
^iL?:fc.>r i? y'-^'i- ? — 7ce zziis. Aii-fdl indeed, bv the light 
iTjriesi ':j :Ijr i-r.rl:yZi«fcrAl pceijociesa of this independent 
CTMT :: :.- r .isj : • rrv.vg-:y :Lit ihe amciel^brm bodies of every 
••^Ln^': Ir -iiir-r iz.*! ?irir iisperkEC anioc^ the aynojtial element of 
z'z.rr ^^•:z -T< iTr zL-fTrlT TJie liTt-il or truisitional conditions of 



:hr ii .1: c-.Hir-reirlr^ n',^CA>i> which they ultimately resemble. 
Rrtweez :r.r izi:s";:::nz azd :he adult state there is usually 
also iz iztrmT-iiAic 5t*^:e. in which the sponge-monad, not 
having vr: acq-iiirrvi :hr ohiracteristic collar, possesses a single 
lash-likr Zi^Hiizi- An illii^traiion of such intermediate flagel- 
late t \-pe?, t^iken from an exaraple oi a siliceous-spiculed sponge, 
H'U'-:}.:' .irLi /-j . :\v..i, will be found represented at Plate III 
fig. 32. 

In addition to developing by fission, or as simple units oi 
individiL:iIs. from the amQE>lK>id to the collar-bearing stage, an( 
thus contributing to the further extension of the parent colony 
it remains to Iv mentioned that in many, if not all, sponge 
there is another process of development attended with mor 
complex phenomena, contributing to the production of de 
tached and free-swimming monad-aggregations specially adapte 
to secure the wider distribution of the species. In this instanc 
the amoebiform units, either as mature cytoblasts or as coUai 
bearing monads returned to an amoeboid state, fuse or coalesc 
intimately with one another in variable numbers, producin 
by such an amalgamation an amcebiform body of considerabl 
size. By a process of geometrical cleavage or multiple fissioi 

hundredH of separate individuals all enclosed within a common gelatinoi 
invoHiinf^ sheath, and presenting a general aspect clearly resembling that < 
the froHh-water sponge, SpangUlaJluviatiUSf with which it is frequently asst 
ciated. 
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enlarged amceboid body now gives origin to a structure so 
loeely resembling the " morula" that reaults from the primary 
^mentation or the ovum of all blgber animals, that the nature 
\t a true egg or o\-um has been inaccurately attached to it by 
erne authorities. By degrees each constituent segment of this 
uoniloid body assumes a lengthened conical form, and, acquir- ] 
toga terminal flagellum, presents in the aggregate the aspect 
given at Plate III. fig. 27. ' 

Developing still further, this moruloid body finally, and in 
its moet characteriatic pha-te, exhibits the form shown at fig. 28 
of the same plate, and in which condition it may be described 
u a spherical or ovoid aggregation, hollow within, of typical 
collar-bearing monads or spongozoa, individually identical with 
those of Codoeiga puickerrhna or any of the independent collar- 
bearing type-a figured on the same plate. Floating away in 
this condition the collars and flagella of the sponge-monads are 
rabsequently retracted, a syncytial exudation is thrown out 
as a veil around them, the spicules or other skeletal elements ' 
make their appearance in the same, and the body, attaching 
itself by some point of its periphery, usually the posterior one, 
tpeedily presents in miniature all the essential features of the 
parent sponge which gave it birth. The special collar-bearing 
cells now project into the interior cavity, opening externally by 
a single flue or osculum, and rapidly multiply by those various 
processes of fission or resolution into spores already described. 

By those hitherto insisting on the recognition of sponges as i 
^nin m l s qualified to rank with the Ccolenterata or lowest Metazoa 
rather than with simple unicellar Protozoa, the free-fiwimming 
compound gemmules just discussed have been seized upon as 
fielding the most conclusive evidence. The various arguments, 
however, brought forward in association with these structures in 
:[<|K>rt of this ctelenterate view, have been considerably weakened 

' - the first attempt made by Prof. Hceckel to establish for 
ifi a form and structure identical with his tj-pical but hypo- 
-i^iical " Gastnea," or larval stockform of all animals higher 
Ihao the Protozoa. This " Gastrsea," consisting of a capsular j 
body with a single terminal orifice and body-wall composed of 1 
two aeparate cellular membranes, an ectoderm and endnrierm, was I 
supposed to find its ideal personification in the compound ciliated 1 
sponge-gem mule. A more intimate and accurate acquaintance 
with these bodies has, however, revealed to numerous observers 
the entire untenability of this hypothesis. It is now definitely ' 
determined that there is no separation of the walls of the gem- 
mole into an outer and inner cellular merahrane or ectoderm, aa 
rtgi oally premised, and no terminal orifice leading into the 
^^b1 cavity. The strongest, and apparently the only argu- 1 
^H^ indeed, that can now be brought forward in favour of the | 
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f//r' , t*'^.tt,u.i^t,'\,u'/^ ♦r^ r.rTr]T-^i-co-.^re»i gr>up oi in-iepei 
"'•*'•' r/;.r,r,;^ Kl;>Si^«- ];*»/• VffA/afjn, to the arT*riition of wo: 
^/ff////.v//f,i^f4^ if ,, /f,iir;h t/^ >;^ de^irrd that thrv shall su 
*f»M»» i'f|/h t,\f^-fr^ut9u*.9ij^ ^\i*iy may make in Ci^nneetion 
Ml* ifirr,* Ky i, |,r;i/:fi/yiJ #rxarfii nation "of the stnictuiv of all 
•'|*'»rij/i innm in IJm' Jiving ht;itfj to which thf^y may have at 
\u Miii«y \u\i\ our knowM^r*. may 1m; said as yet to extn 
hiHIi* I I hull Mm' ^hrtr^\\tA^\^fiut\ in *rach of the same there is 
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bobly more original discovery waiting: to be achieved than inl 
any other group of the organic world. The forty or more specifia< 
types of the independent collar-bearing forms that have rewarded 1 
the writer's desultory investigations spread over some five or s' 
Wief years, may be safely accepted as representing but a very 
-1 1^:^11 instalment of the innumerable varieties that are doubtless 
iiwajting a more thorough and systematic research; while of 
the sponges it may be said that we are as yet but imperfectly 
acquainted with the complete stnictural and developmental 
phenomena of even half a dozen out of the many hundred dis- 
covered species. In reference to these last-named organisms it 
IB worthy of remark, before taking leave of them, that Pro- J 
&ftOT H. James Clark, when first pointing out the intimate I 
lelataonship between their eHsential living units and the two 1 
01 tiiree independent collar-bearing forms discovered by him- 
BeHi hazarded the opinion that ftitiu^ investigation woiJd pro- 
lably reveal that different groups of sponges were composed 
d monads, corresponding in individual stnictiu-e or presenting 
eombinations of the various independent generic tj-pes ; and this 
toticipation has been remarkably fulfilled in the case of one 
of the simplest known sponge forms recently discovered, and to 
thicb the name of Gastrophysema pritnordialis has been given ■ 
ij Professor Hffickel. A small fragment of this interesting ■ 
wriety with its characteristic internal lining of collar-bearing ■ 
oornds is shown at Plate III. fig. 38, and this type may be said 
to present an amalgamation of the generic characters of the two 
genera Codosiga and Salpvngosca,, certain of the monads being 
Biked as in the former genus, and others enclosed within a flask- 
)taped loriea, as in the latter one. In the last-named instance 
the monad illustrated has entered into a quiescent or encysted 
Omdition within its loriea, presenting under such circumstances 
10 aspect absolutely identical with the similar encysted condition 
nf Saipingfeca anvpkoridiuiK. shown at Plate IV. fig. 7. Pro- 
fessor Hffickel, unaided by an acquaintance with the independent 
'Tillar-bearing forms here described and illustrated, and aesum- 
-.;.- for all sponges a ccelenterate type of organisation, has 
ij;iilarly associated with these fiask-shaped loricte and their 
■■ vsted contents the structure and functions of rudimentary 
. .iidular organs. 
Ilt-fore leaving the microscopist to make his first essay in that. J 
■J- and fertile field for investigation to which his attention is \ 
Qow directed, a few hints as to the conditions tinder which the 
most complete success is likely to be achieved may prove accept- 
liAe, The first matter of importance is his apparatus ; and here, 
should he not be in a position to command one of the highly 
'■ if«:ted achromatic object glasses of our best English makers, 
: him be by no means discomfited. A German one-sisteenth 
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tL^ iz::-c«r kBeis«friiicr« vill o:«c pr^baUj command fi 
E. 'xice. HrT^ tTL-r i^Tr^ci^xTCT vill lEod his time mot»t profital 
empi :'T*ii in prifr^ririg ir:-fn the i>eajicss w«dT pond or ditcb 
hyrzlriinl -A tbe £r^j diriid I-Eares <«f MTriofdiTllam, or 
tazj^i-rd oxiferT'xd ;^>v-:ha. in eiiher case sheeting more es] 
ciallj tb-3^4r br>yBTk-LY>ai specimens coloured by a dense incr 
tatioi; of C'tbcrr mo*^ mxn:i^^ Tc^etaUe and ^nima^l parasi 
growths, flare sh-i^ili likeviie be taken to enclose with t 
water as large a number a^ possil'Itr of the specimens of Cydc 
and other Entom^etraca abundant in such situatiousy and 
which will be frequently found attached species rarely, if ev 
to be met with elsewhere. Patiently exploring every filamc 
tou3 division of the above-mentioned weeds with the lower 
the two powers employed, it will be scarcely possible to m 
encountering one or more of the species illustxated in the \ 
companying plates. As first seen with this lower or reconnoitri 
power, it will of course be almost impossible to distingu 
the characteristic collar, and the monads will appear as m< 
luminous specks adherent to the plants under examinati< 
Meeting with these, the higher power must be brought ii 
fociLs, when the true nature of the organisms will be reveal 
Among the varieties which are likely at first to be encountei 
are, perhaps, the two loricated species Salpingceca amphoridii 
and fusiformis (See Plate IV. figs. 3 and 23), the former oft 
completely incrusting several consecutive joints of varic 
tlircad-like confer>'se, while the latter will occur as solitary in^ 
viduals scattered about at uncertain intervals. On the strong 
fulcrum for support afibrded by the leaf-partitions of Myr 
phyllum, the illoricate species Codosiga pulcherrima (Pis 
III. fig. 9) is often present in great profusion, its sociable ] 
dicellate colonies being so thickly placed as to present the appe: 
anc<} of a perfect little forest of crystal-fruited trees. M( 
rarely, under similar conditions, the extremely elegant a 
Hymmcitrically tripartite branching pedicellate form Codoai 
umbMcUa (Plate III. fig. 4) may he likewise met with. 
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the outset, considerable difficulty will doubtless be ex- 
in the satiafactory defioilion of the hyaline collar J 
characteristic of all the members of this group, a most careful 
maoiptilation of the light being often requisite to show thiB ' 
■trncture to advantage. It frequently happens again that when 
the entire contour of the wineglass-shaped collar is not to be 
itstin^uished, its presence is indicated by the clearer outline of 
its two lateral margins, which, standing out at an acute angle 
from the perpendicular line formed by the central flagellum, , 
present the aspect of two additional hair-like procesaes. The 
appearance of this organ, when seen as described in the last sen- 
wnoe, IB indicated at Plate IV. fig. 41, illustrative of the so- 
oUed " animalcule with eai--like processes," figured many years i 
ante by Mr. Carter, but which undoubtedly represents a species 
of Salpingceca with thu characteristic collar indistinctly seen. 
In a dmilar manner other species now shown to belong to this 
newly discovered collar-bearing group have from time to time 
been imperfectly figured by various authorities, who, when en- 
countering them, have not employed sufficient magnifying power I 
01 tliat mode of illumination requisite for the interpretation of I 
their true character. ' 

Having, with the assistance of these few hints, made himself 
tmiliarwith but two or three only of the interesting types here 
btroduced to his notice, the investigator will experience but 
iiMle difficulty in extending the circle of his acquaintanceship 
With the same, and can scarcely fail before long to become so ■ 
ibsorbed in admiration of the infinite variety of form and vital I 
phenomena they present, as to regard as lost any further timet 1 
'(■stowed on the markings of either Diatoms or Podura scales— 
■■' hoc genua omTie. 



EXPLANATION OF PLATES. 



PLATE IIL 
i, 2, Adult colonies of Codoiii/a cymonn, Sav. Keot. 
t. A «ing]e moDsd at llie same species id tm eocyated atBt«. 
L Adult calony of Codomga umbrUnta, S. K. 
i. Adult colon; of Codomga alloidet, S. K. 

). A nugle monad of tlie eame with the body sad collar retracted. 
L HoimA of the eaae species ia its fully expanded state. 
i. Adult individuOil of the solitary forui Muaotiga a-ngvtiatu, S, E. 
9, Adult colony of CodMiga pvlcherrima, J. CUf. 
W SERIES, VOL. U. — HO. VI. K 



Fi8. 10. 
„ 11. 



„ 16. 
„ 16. 



„21 
« 96. 

» 26. 



TOTOUm PCHWC8 BWIBW; 

A DKiiuuI of the nbore dividing- b_T lon^tudioftl fi 

A moniu] of the mme epecim. with the eoVta and flagoQnn 

drawn, emitting pMudopodic proceMen. 
An encysted moQdd of the same Bpecies with the body h 

into spores. 
Ad adult colony of Codimga ffrotmilariata, 8. K. 
An ftdult coloDj of Oodotii/a pyriformit, S. K. 
Sngle indiTidufil of Monatiga breuipet, S. K, 
Mononffa gtobularis, S. K,, ehowing' at a and b lTe»-«wi 

attached larval forma. 
Adult colouy of Codo»iga canddabiitm, S. K, 
Single individual of Monotu/a i/rarili». 8. K. 
Body of the same still funbor enlarged and diagiauii 

ilhistntitig tlie feediug [irocesa described at p. 117. Tt 

indicate the direction of the current caused by tlie rotaiurv motioB | 

of Ibe flajjellum and the course taten by the food particles ta 

Btrilcing agninst and adhering to the collar. Jl. Flagelluiu. r- 

Collar, n. Nucleus. / Food-parliclea. cv, Oontractile veridei 
Free-floating colony of AdraMga duy'uneta, S. K. 
Four monads of Manoriga cotuociatum, S. B^ : at n an intUviditil 

in a quiescent or encysted sttte. 
An individual of the same species Bssiiming an amoeboid form ibJ 

exhibiting eTtenaTe internal vacuolation. 
Adult free-iloatJDg colony of eight monads of Dtmaarelia nwiiA- 

formu, S. K. 

Oolony of two itidtvidiials ef Cadm^a fareatit, S. K. 
Animalcule figured by Stein as probably the young of Optnvkn* 

mitaiu, but probnbly identical with the above iipecies. 
Abnormal colony-form of Codoeiga cymosa, S. K. 
Free-swimming multiple-fissioD gemmule of a calcareous apon^ 

Sycon ciiiatiim, in diagrammatic longitudinal seelian. 
A more advanced :<tage of the alxive, in which the eepanite flage'' 

late cells hiive acquired the chaiact«riatic collars of the adif) 

Bponge-inonads. 
An adult sponge-miinad of Orantia romjtretta in ita nonnallj m 

pandod state, n. Nucleus, cv. Oontractile vesicle. 
A collar-bottring monad from the saine sponge emitting pseudopo^'^ ] 

proccBSea from its posterior extremity. 
A monad ftx>ni the same sponge with the collar and flagellum wiA' 

drawn assuming an .^nnrla-phnss. 
Initial or mono-Qagellate larval condition of a siliceous spongfs 

St^ichondria. 
Sporocysts of a uliceous sponge, HaUehondria. 
Portion of sjiicytiuni of a calcareous sponge, Lfiirmulmia boln/oidn, 

having imbedded in its substance a sporocyst containing Bpant, 

and aleo free spores recently liberated from a similar cyst 
Section through a monad-cbnmber or ' omputlaceous aoc ' with its 

contained collai^bearing mouads, and portion of tbesyaeytjum of a 

nliceouB sponge, n. Ampul laceous sac. b, .Ymwboid particlts or 

cjtoblaslfl. 
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Fie. S6. Sporocyst of a species of Hdlichondria bursting and liberating its 
contained spores. 
), 37. Sporocyst and liberated spores of another siliceous sponge. 
„ 38. Fragment of the cavity-lining of (?a«^()pAy«em<7(fti^AA/amtt<m(H»ckel), 
one of the simplest known sponge forms ; showing two collar-bear- 
ing monads, two larval or amoeboid cytoblasts, and a flask-shaped 
sporocyst, copied from Prof. Hffickel's illustrations of the species. 



PLATE IV. 

Pie. 1. Adult colony-form of PdynoBca diehotoma, S. K. 

„ 2. Colony of numerous individuals of ScipingcBca amphondiwn, J. 01k., 
attached to a confervoid filament. 

8. A single individual of the same species in its normal and fully ex- 
panded state. 

„ 4. Monad with collar withdrawn but flagellum reniaining, and pro- 
truding a portion of its body-sarcode from the orifice of its lorica.^ 

n 6. Monad with collar and flagellum withdrawn, and the body-sarcode 
protruded as lobate pseudopodic processes. 

n 6. The protruded portion of the above detached in the form of a 
minute stellate amoeba. 

ft 7. The quiescent or encysted condition of the same species. 

n 8. Stdping€sca mquUlata, S. K., larval form in the act of constructing 
its lorica. 

n 9. Adult individual of the same species. 

n 10. An individual of the same species multiplying by transverse fission. 

fi 11. SaJpingaeea ampuUa, S. K. 

n 12. Deserted lorica of the same spedes exhibiting fluted markings. 

n 13. An early phase of the same species in which the lorica is as yet only 
in a mucilaginous condition ; the uniflagellate monad, marked a, 
adherent to the top left-hand comer of tliis sheath, is a larval form 
of the same species. 

n 14. The same larval form represented at ISa, commencing the construc- 
tion of its lorica by a process of exudation. 

n 15. SidpingcBca cylindrica, S. E. 

„ 16. Sociable colony of Salpinffceca tuba, S. K. 

1, 17. Two monads of Salpmgceca gracUi», J. 01k. 

„ 18. Salpingoeca comuta, S. K., the monad adherent to its lorica pos- 
teriorly by three pseudopodic prolongations. 

f, 19. Another monad of the same species adherent to its lorica by a single 
and elastic pedicelliform extension of its body substance. 

), 20. An individual nf Salpingceca gracUis, J. 01k., dividing into two by 
transverse fission; at a the separated anterior half swimming OiT 
as a simple uniflagellate monad. 

ft 21. Two individuals of Salpingceca longipes, S. K» 

9, 22. Empty lorica of Salpinffosca teres, S. K» 

ff 28. Salpingceca fusiformis, S. K., in its normal and fully expanded state. 

n 24-26. Three developmental conditions of the same species illustrating 
respectively the amoeboid, encysted, and sporuliferous phases. 

X. 2 
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Fie. 27y 2d. StJpimj^cKa trnnuta, S. K., in its nonnal and amoBboid phasen. 

„ 29. Earlj or knral condition of the same spedes. 

„ SO. Empty loiiea of StipmgoDca curvipes, S. E« 

„ 31. SaipinffCNXi rimgen$j S. K. 

,, 32. Salpingofn wcedata, S. E. 

y, 33. Salpinpotca pyxidiumy S. E. 

yf 34. Salpmgceca amphora^ S. E. 

,j 35, 36. Salpingctca mirina, J. Clk. 

,y 37. Salpingceca tintinnabulumy S. K. 

,y 38. Encysted condition of the same species. 

„ 39. Salpinffaca napiformis, S. E. 

fy 40. Salpinffceca petiolatay S. E. 

I, 41. Salpmgceca Carteri, S. E. 

II 42. Lagenelia cuspidatOj S. E. 

I, 43. Sdpingceca Wtdlichi, S. E. 

„ 44. Two individuals of BicostBoa gociaHSf S. E. • 

I, 45. Bicoscsca lacustris, J. Clk. in its normally extended state. 

yf 46. The same withdrawn within its lorica. 

„ 47. The same species dividing by transverse fission. 

ly 48. Free-swimming product of the above process of transyerse fission. 

„ 40. Spore-condition of Bicosceca lacustris, 

„ 50. Codofujeca costatOf J. 01k. 

ff 51 Dinobiyan epistyloides, S. E. 

yy 52. Bicosaxa btdla, S. E. 

yy 53. BicoaoBca gracilipes, J. Clk. 

„ 54. Dincbryon sertiUariaf (Ehr.), a compound colony of eleven individuals- 
showing at a the method of gemmation. 

„ 55. A single individual of the above further enlarged, n. Nucleus^ 
e. Eyespeck. cv. Contractile vesicle. 

f, 56, A compound colony oi Dincbryon peticlatumy Duj. 
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CHINA CLAV INDUSTRY OF CORNWALL AND 
DEVON. 



rAVELLERS by tbe Great Western Railway in the West of 
England, after crossing the great Albert Bridge at Saltaah, 
pudng over the tree tops in the deep valleys about Liakeard, 
and leaving the deserted copper mines of St. Blazey and Par on 
Aheir right hand, usually observe truckloads of peculiar white 
oibalances occupying the sidings, and are especially struck with 
the whiteness of the streams crossed by the railway — which 
doaely resemble rivers of milk.* 

Katur&Uy they begin to ask what it means, and the writer has 
oftfH been amused by the gravity with which some fellow- 
traieller, who seema to think it disgraceful to confess ignorance 
"n any subject whatever, vaguely talks of lime, or more boldly 
"1 t'balk. Perhaps some native happens to be present, who 
politely assures him that he is in error — that neither chalk nor 
lime are present in any form — and that the peculiar whiteness 
1* caused by a refuse product from the china-clay works in 
t!ic vicinity. Tliis of course settles the question usually ; but 
if the original querist happens to he inquiaitive or persistent, 
fee soon tinds that the nati\e in most cases is entirely igno- 
fiot of the methods of working, the extent of tlie works, and 
'he Dses of the product, and if this is true of the intelligent 
litive, still more is it true of the general public. Out of Corn- 
tall it is a rare chance to find either commercial men, or even 
8fieiiti6c geologists, who have any knowledge whatever of the 
pWiliar industry which characterizes niany parts of Cornwall 
and Devon, and especially the centre of Cornwall. Yet this 
todustry is interesting in iteelf, employs a large number of 
", and supplies every year more than 200,000 tons of the 

Otwitlul&nding tbe apparent opecity af the water from suspeDded par- 
Baf clay and mica, 1 liave seoD trout S or incbefl long taken from these 
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dazzling white clay, which never fidls to attract the attentionof 

tourists. 

The object of the present paper is to describe the salient 
features of this industry. Most people know that ^ china' wai 
first brought by the Portuguese firom China — hence the namei 
It was called by them '^ porzellano," because it was supposed to 
>>e fabricated from sea shells : hence the term *^ porcebun ; ^ but 
no real knowledge was obtained of the materials used until the 
publication of the reports of the Jesuit Father D^ntrecolle% 
in 1712, and of Count Reaumur, in 1729. These reports lad 
to the establishment of the manufiEictories at Dresden, SeTiei^ 
and Plymouth — the last-named having been established in 1731 
Up to 1745, the fine porcelain materials used in the Plymouth 
works were imported ; but soon after that time, 3Ir. Cookwoithy, 
tho founder of the works, discovered ^^ kaolin " (which he calls 
growan clay^ now called china clay), and the "petuntze" 
(called by him growan or Tnoorstone, and now known as diina 
stone) similar to or identical with that used by the Chinese, 
in several parts of Cornwall in great abundance. In conjunc- 
tion with Lord Camelford, he»took out a patent for the use of 
these materials in 1768. How these materials are used in the 
manufacture of porcelain, earthenware, and more recently in 
many other British manufactures, forms no part of the subject 
of the present paper — this is limited to a description of the 
mcKlcfS of occurrence? and of preparation of the china clay and 
china stone;. 

China chiy is prepared by washing a peculiarly white decom- 
pose;(l granite, whicli occurs very largely in the granite district; 
north of St. Austell, as well as in many other parts of Cornwall 
— and also in Devon. This natural china clav rock, which has 
been (?Iw!whero called " Carclazyte," is simply a granite com- 
pr)S(5d of white or pale smoky quartz, white mica (lepidolite) 
8(jmetim(j8 a little greenish-yellow gilbertite, and white felspar 
vn which the latter is partly or completely metamorphosed 
i/ato kaolin. This modification of granite occurs in areas oi 
irregtilar form, generally much elongated in one direction, and 
extending to an unknown depth. It is in the West of England 
universally associated with quartzose and schorlaceous veins— 
evidently of later origin than the rock itself — which sometimes 
also contain oxide of tin. The greatest extension of the decom- 
posed granite coincides with the " run " or " bearing " of the 
veins, and is more complete as the vein is followed downwards 
in depth.* 

* Id a paper read before the Royal G^log^cal Society of Oomwall in 1876 
I have given my reasons for believing that the decomposition has been pro 
dnisad Ml mtu "bj fluids drcula^ng within the fissuresy joints, and flhrinkagi 
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iny of the BO-called " deposits " of clay extend for a dis- 
ice of a quarter of a mile, half-a-mile, or even more, in the 
lection of the veins, while their breadth may be only a few 
ihea, and seldom exceeds u few fathoms. It is true that 
ty wide masses of china clay are wrought in many places, 
t these are invariably associated with a group of parallel 
ms. 

The granite rock is usually covered by a layer, from 4 to 30 
it thick, of brown or yellow sandy earth, often full of angular 
eces of hard granite, schorl rock, tourmaline schist, with 
metimes a little tin ore, Ac. This layer is called by the 
irkmen "overburden," and it must be removed before the 
ly can be got at.* The process of working is usually aa fol- 
wb: — Let ua suppose that a patch or band of suitable decom- 
eed granite, called by the workmen a " bed of clay," has been 
scovered in a hill-side. The first thing to be done is to drive 
I " adit-level " horizontally right into the hill beneath the bed 

clay, the position and extent of which has been more or 
e accurately determined by systematic " pitting " through the 
erburden. This adit-level is a sort of tunnel — from 6 to 9 
!t high, and from 3 to 6 feet wide. While this level is being 
tven, a large piece of the overburden is removed so aa to expose 
MBsiderable area of the bed of clay.t A vertical opening or 
aft is then made from the inner end of the adit, to the surface 

the uncovered clay bod — partly by digging downwards from 
me ("sinking"), partly by digging upwards from below, 
putting up a rise"). A wquare wooden pipe, having holes at 
g;ular distances of a few feet in one of its sides, is then placed 

the vertical opening, so as to keep open a communication 
th the level below ;| the remainder of the shaft is then either 
led in or kept open for the removal of the coari^e sand or 
>Dee produced in working; and the regular washing of clay 
if be proceeded with. Of course the arrangements for obtain- 
g the clay vary very much in different works, These different 

icks of the p^aite — dow occupied by tho solid matter of tlia veina ro- 
Ted to sboTe — and not ns eommoiilj stated ia geological works "by carbonic 
'\i acting from sbuvp. 

• ThiacDvering closely tesembleBBoiue glacial depoMta; but oeitlier organic 
suns, nor scmlched stones, nor atones of forei^i origin have been found 
it, to m; knowledge, altbough many acres kara been removed in the vatioua 

f Tho term " clay " is applied indiscriminately in Cornwall to the decom- 
ttd granita roct, and to the true clay washed out of it, 
t The boles are — except the top one—temporarily covered with pieeea of 
trd nailtMl oyer them. The whole contrivance is called a " button-bole 




U^ hve*frjty <J[ Ant,' ZK:f,. 

^ir ti^'/^frJ jKiKr f>; r*si»dljj orrvsL imc ± n l ssoBiBiflaEaaJUs- oeflL 
71*^ fwyU; 'A y^orkhiji i» T<f.> urate m* i wrzuiL '«zm. x wktD 
* <Im/.^^ ^/f «i^'^ i»^u. iL I; kmc v£ fiiiK. Knmnf lai^ idmA 
^A w: f^ip; '^ l;tt.ubd«s^ nixidu pHnyr orvi sQi -aie mn xbv. 
Tbit iLt '^JJM & ^ lA/jfieu'^ A ficr!am of ic^ht s -aist 3ia5e to 
flyw 'A^ tiiffi; br'>k^!gu luxopb, iddci: art kssr iFdL **• « ""^f v If > 
W^/Auisu^ ^Us4 4i ^ vauiLer/ ir}K«t dnrr z: s ^i fso- snkiig 
Mit4 ^.irrU^^ Xhtnu ufK, Hie wtcuar^ cksr a: &&. wedOr 
i^s^/Ui^ wfait/; 4Ji4 uijJk V Vr vacidx^ am 'di£- «:£ a a P L B iyo sri 
fekfAf ^ aiyi nifift d^/Mti V> tbe buDUm of 'i^ fluyfE;. cszrr^ vitb 
it U>^ 'jtiartz tpdtm 2uad flzikex of mica. 1^ wiaj ' iA lai tbe 

kipdVnf^ jAif ''ailk^l tiiA Kaodpit, from TfaeiMXr iLey are exfiCasth 
tttiov^'lM out hy a man placed there for ihax psipoaE — vliil 
Uin; Ki^nmrn '/f clay wat>^, canyiog with it masj nmTae flak< 
i4 wUlUs tnii'Jif imtmfiH tm dowD the Tertical hunidpr and throng 
ihii «ulj(rl/;virl tr> 1^ frirther treated. 

1*h'; irt.n'am r;f clay water, if thick, contains luoally about 
fjer c^ri^ of clay, and perhaps one-half per coit. of mica : 
min\Hmnunu 1*Ijjn in made to flow slowly through a suooesdon • 
xisiTVt9yi/ cliannclH, haWmI ** drags ^ and ** micas,^ in whidi the fit 
mica and a little clay are gradually deposited, while the balk * 
the clay \niim*M on with the water, and £edls into a ciienlar p 
from twenty U) thirty feet in diameter, and eight or ten fe 
dei5p, liru;d usually with granite blocks. Here it gradual 
•MittlcH to the lK)Uoni, while the clear water passes off at 
little (leprrHHirm in the rim of the pit, and may either 1 
pumped up U} \h\ UKed ov(fr again, or allowed to flow into tl 
uearcNt river. This efllucnt water is often clear enough 
drink.* 

Onre or twice a day it iM'comes necessary to clean out ti 
long channelH, oallcHl ^' drags *' and ^^ micas," in which case ti 
<hu« mint and day, which has settltxl at the bottom, is wash* 
out. into the noan^st watercourse by a stream of water, and tl 
it In which fouls the streams. 

In Homo works, as nt the celebrated Carclaze Mine, work 

* ( VduiioniUly tho^ pit« Art« loi\ t^lkni with oIav water, and undistnrl 
for M»Tt>ral w««<kkm when tW intt^nM^ bhien«M of the water equals that of so: 
Alpine lak««m and in due to the same cause—the suspension of minute pai 
clea of s^^lid matter. 
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quarry for tin for four centuries, not only is the n 
washed away in this manner, but the large quantity of sand i 
produced is also washed away at night, and thus very large accu^ I 
muUtioQs of sand have collected in the valleya below St. Austell, f 
St. Blazey, and elsewhere. I 

The clay having settled in the pits to a consistency somewhat I 
thicker than cream, ia in old-fashioned works nm out into ' 
shallow eicavations called " pane." These are about two feet 
deep — the clay is put into them during the winter months, and 
16 allowed to remain until nearly dry, when it is cut out in 
pqimre Vtlocka and piled up under sheds, or in the open air, till 
iiiipletely dry. By this mode of working a good deal of lose 
■)sperienced, as every block of clay is more or less injured at 
ii-- surface by exposure for months to the vicissitudes of the 
irpather, the inva.'^ions of sheep, cattle, and geese — which latter 
..Ijiund ou the moors — and the mischief of stone-throwing boys. 
\Uen thoroughly dry, therefore, every block has to be separately 
eciaped before it is in a fit state to be sold. _ 

'She scrapmg operation is a peculiar and somewhat ghastly a 
tiglit to those who see it for the first time. Gangs of tall H 
Tomen, white-aproned — every vestige of complexion hidden H 
with white clay — stand at tables scraping the blocks all day 
lODg, with a little three-cornered scraper like a miniature Dutch 
hot, and often dismally singing hymns which sound like dirges. 
The advantage of air-drying is that no expense is incurred 
brfiiel — the disadvantage is the loss incurred by scraping, the 
npetise of scraping, and the large area required for the drying 
puis. 

In more modem works the air-drying is mostly replaced ly J 
' liii-drying. Long kilns are built of fire-clay tiles covering H 
'irickwork flues from 60 to 100 or even 150 feet long. The clay^ 
from the circular pits is first run into large tanks, where it 
icmaiDs for a month or two, till pretty stiflF. It is then taken 
into the kiln or " dry" on tramwaggous, and dried by throwing 
i* upon the hot tiles. When dry it is out up into convenient 
7'-d blocks and piled up ready for market. On the whole, the 
ualler amount of waste in kiln-dried clay, and the saving of 
' i|)ense for scTaping, more than makes up for the expense of 
fircl, and few modem works are without kilns for drying. J 

The preparation of the china stone for the market is a muchH 
more simple operation. China stone is also a kind of granite, V 
'^hii-h is, however, only partially decomposed, but it is only valu- 
1 1" when it happens to be free from mica and all other minerals 
■\'vpt the quartz and partially decomposed felspar. It occurs 
' liicfly in the parishes of St. Stephens, St. Dennis, and Breage, 
ud is oftpn associated with china clay. The rock is simply 
■purried down, and the joints dressed over where discolour^ I 
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with oxide of iron, when it is at once ready for shipment, chiefly 
to Runcorn. From Rimcom it is sent to the potteries, where it 
is used with china clay in the Tnannfiicture of porcelain and 
earthenware. 

It is not only in the potteries, however, that china clay is 
used. As stated above, more than 200,000 tons per annum are 
now exported from the two western counties, the value of which 
at the present exceptionally low prices may average, perhaps, 
12. per ton at the shipping port. Of this large quantity pro- 
bably little more than one-third is used in the English potteries. 
Fully as much is used by the paper-makers of the United King- 
dom, and probably 20,000 tons are used by makers of alum and 
sulphate of alumina, and at least as much by '^ bleachers " of 
calico and yam. Many thousands of tons are shipped to the Con- 
tinent for all the above purposes, and also for the manu&ctuie 
of ultramarine. So cheap and convenient an article is also no 
doubt used to a considerable extent by adulterators and sophisti- 
cators of various kinds, but it probably only needs to be more 
widely known to be used legitimately for many purposes to which 
hitherto it has not been applied. 

We have spoken above of the " sand " of the " mica." Now- 
adays much of the fine mica is re-washed and sold as an inferior 
" mica clay " for making inferior kinds of paper and pasteboaid, 
but the bulk of it must still be regarded as a waste product. 
The sand is also largely a waste product, and as there are firom 
three to eight tons of sand yielded for each ton of clay, large 
accumulations exist at most of the principal works. Of late 
years some of this — mixed with refuse clay — has been made into 
excellent fire bricks, for which there is a considerable demand, 
especially for the copper-sm citing furnaces of Chili and Mexico; 
but there are still millions of tons available when a proper use 
can be discovered. 

Very good building bricks have also been made from the 
discoloured clay and mica, but the heavy cost of carriage usually 
prevents the use of building bricks at great distances fix>m the 
place of manufacture, so that, although there is a &ir local 
demand, millions of tons of material are still available for any 
suitable purpose which may be hereafter discovered. 

Some of the sand is very coarse, some very line — but in all 
cases it coubists mainly of angular fragments of quartz, admirably 
adapted from their extreme sharpness for mixing with cement 
or lime for making concrete blocks, or with asphalt for pave- 
ments. 

The coarser varieties also make excellent gravel walks, as the 
small quantities of clay and mica usually present serve to bind 
the grains together under foot to form a firm roadway. 

The following analyses, selected from the writer's paper read 
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to the Royal Geological Society of Cornwall in 1876, fairly 
lepreaent the composition of average specimens of the materials 
described above. 
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AU the older writers epeak of "Talc," "Talcose granite," 
"Protogine," &c., as being abundant in Cornwall and elsewhere. 
Kven Mi. J, A. Phillips, writing in 1875, eays: "In some 
dittricts mica is replaced by a talc-like mineral, and the granite 
rock itself passes into protogine." What there may be elsewhere 
lam unable to say, but there is certainly nothing of the kind 
IniftWn at present in Cornwall. From the whole of the granite 
firtricts of Cornwall and Devon talc seems to be entirely absent, 
iilii magnesia generally is an extremely scarce substance. 

The number of china clay works at present in operation in 
Cornwall and West Devon is little short of 200, and of course 
'■"' conditions of working vary considerably in different localities 

liil under different conditions. In some, a little washing only 
I- dune during the winter months by means of a small natural 
stream of water, the total annual produce being only a few 
hundred tons ; in others, valuable machinery and extensive 
buildings enable the proprietors to turn out nine or ten thousand 
tona in the same time ; but in the main the description given 
ibove as fairly describes the occurrence and preparation of china 
clay and china stone as is possible within the limits of such an 
Irticle as the present. 

The trade at present is much depressed — mainly, I believe, 
owing to the slackness on the part of those (potters, paper- 
sakeis, bleachers, and others) who use clay; but partly, perhaps, 
owing to the over-production of a few years since. In consequence 
of this the prices have fallen more than 30 per cent, during the 
Uat five years, and the quantities produced have also shown a 

• Obiefly potaah. 
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considerable falling off. With the general revival of Englia 
trade — ^whenever that may take place — ^no doubt this branc 
will also revive.* 



* The following table— <sompiled from BCr. Hunt's Mineral Statistics- 
shows the variations of production (in tons) since the year 1874, when tl 
largest quantities were produced : — 



1874 
1875 
1876 
1877 (estimated) 



China Clay 


Cornwall 
150,500 
108,250 
105;275 
100,000 


Devon 

33,800 
29,146 
25,000 
22,000 



China stone 



42,500 
38,000 
34,500 
30,000 



Total 



226,300 
175,306 
164,776 
152,000 
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THK EXTINCT BRITISH WOLF. 

Br J. E. HARTINO, F.L.S., F.Z.S. 

{Cuntinuid from p. 61.) 



pERIOD froTti the Conquest to the reign of Henry 1 

Historical evideDce of the exiatence of wolves in Great 
Britain before the Normun Conquest, as might he expected, i» 
meagre and unsatisfactory, and the abundiince of these animals 
in our islands prior to that date is chiefly to he inferred from the 
nifasurea which in later times were devised for their destruction. 

Tbe Carman, de Bella Hastvngemai (v. 571) states that 
William the Conqueror left the dead bodies of the EDglieh upon 
the battlefield to be devoured by worms, wolves, birds, and dogs 
—ViiTmime, atqvs lupis, avihus, canihusque Vorcmda. 

In 1076 Robert de Umfraville,* Knight, lord of Toiu'ea and 
Tiin, otherwise called " Robert with the beard," being kinsman 
'o that king, obtained from him a grant of the lordship, valley, 
wid forest of Riddesdale, in the county of Northumberland, 
*itli all castles, manors, lands, woods, pastures, waters, pools, 
Md royal franchises which were formerly possessed by Mildred, 
the son of Akman, late lord of Riddesdale, and which came to 
[bu king upon his conquest of England ; to hold by the service 
of defending that part of the coimtry for ever from enemies and 
Solves, with the Kword which King William had by his side 
»heo he entered Northumberland.! 

1087-1100. The inveterate love of the chase possessed by 
^'itliam Rufud, which prompted him to enforce, during his 
tupcal reign, the moet stringent and cruel forest laws, is too 
Well known to readers of history to reqiure comment. It can- 

* " The D&me seems to be derived from one of tbe several placM in Nor- 
Quilf DOW called Amfreville, but in some inetaacee ongioall; OmlrenUe, 
Iwl u Humfrtdi villa, tha Till or abode of Humphrey-" — Lower, " Patro- 
"TDiiu Britannica." 

iSa* Ihifdale'a "Buonage," toI. i. p. 504, and Blount'a "Ancient 
i^-p.241. 
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not be doubted that in the vast forests* which then ooveied the 
greater part of the country, and through which he continuously 
hunted, he must have encoimtered and slain many a wolf. Yet, 
strange to say, a careful search through a great number of 
volumes has resulted in a failure to discover any evidence upon 
this point, or indeed any mention of the wolf in connection with 
this monarch. 

Longstafie, in his accoimt of '^ Durham before the Conquest," 
states that a great increase of wolves took place in Richmond- 
shire during this century, and mentions incidentally that Richard 
Ingeniator dealing with property at Wolviston (called Olveston 
in the time of William Rufus) sealed the grant with an im- 
pression of a wolf. 

1 100-1 1 35. In his passion for himting wild animals, Henry I. 
excelled even his brother William, and not content with en- 
countering and slaying those which, like the wolf and the wild 
boar, were at that time indigenous to this country, he ^ cherished 
of set purpose sundrie kinds of wild beasts, as bears, libardfl, 
ounces, lions, at Woodstocke and one or two other places in 
England, which he walled about with hard stone An. 11 20, and 
where he would often fight with some one of them hand to 
hand." f 

1 156. There can be no doubt that at this period, and for some 
time afterwards, the New Forest as well as the Forest of Bere, 
in Hampshire, both favourite himting grounds with William 
Rufus and his brother Henry, were the strongholds of the wolf^ 
as they were of the wild boar and the red deer, for in the second 
year of the reign of Henry II. the Sheriff of Hants had an allow- 
ance made to him in the Exchequer for several sums by him dis- 
bursed forthe livery of the King'8ie;oZ/'-AwTi^«,hawkers,falconere, 
and other things. " Et in UberaJtiorve lupariorum 1008., et in 
liberatione accipitrariorum et falconariorum Regis 22li. per 
Willelmum CuminJ* J 

In the fourth year of the same reign, the Sheriffs of London 
were allowed by the Chancellor 408. out of the Exchequer for 
the King's huntsmen and his dogs. ^' Et venaioribus Regis et 
canibua ejus xl* per camceUari/iim.^ § 

* ** The word ' forest/ in its original and most extended sense, implied » 
tract of land lying out (foras), that is, rejected, as of no value, in the first 
distribution of property." — Whitaker, " History of Whalley,** p. 193. 

t Harrison's Description of England, prefixed to Holinshed^s '' Ohronide,'' 
p. 226. 

X Madox, " History and Antiquities of the Exchequer of the Kings of 
England from the Norman Conquest to the end of tiie Reign of Edward 
n.," vol. i. p. 204 (1760). 

§ Madox, torn. cit. p. 207. 
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man, Duke of Brittany and Eail of Richmond, in 1164, 
granted, amongst other privileges, to the Abbey of Jourvaulx, 
several pastures on the north side of the river Jore, reserving 
only liberty for his deer, likewise pasturage throughout his new 
forest, near Richmond, Yorkshire, for all their cattle, with power 
to keep houndfl for chasing wolves out of those their fen'itories. * 
In 1 1 67, the Bishopric of Hereford was vested in the King in 
consequence of the see being then vacant ; and in the accoimt 
of John Cumin, who acted in the capacity of Custom, we Hnd in 
the accounts of the revenue and expenditure of the temporalities 
a payment of 108. for three wolves captured that year. "£( 
pro tribrts Lupis captendis, x'." 

WLUiam Beriwere obtained from Henry II. the confirmation 
of all hia lands, as also the foresterahip of the Forest of De la 
Bere, with power to take any person transgressing therein be- 
tween the bars of Hampton and the gates of Winchester, and 
likewise between the river of Ramsey and the river of Winches- 
Ipr to the sea, as amply as hia father had held the same in 
tiie times of King William and King Henry I. P'rom 
Ricliard I. (whom he accompanied to the Holy Land, and whom 
iip was instrumental in delivering from prison when that King 
vm con6ned in Germany) he obtained many valuable emolu- 
ni^nts as well as large territorial grants, and in the following 
ri'igTi was no less fortunate with King John, who, having a great 
regard for him in consequence of his knowledge in the art and 
mjgteries of venery, gave him license to enclose his woods at 
Mre, Cadelegh, Raddon, Ailesberie, and Burgh W^alter, with 
iiee liberty to hunt the hare, fox, cut, and wolf, throughout all 
Devonshire, and likewise the goat beyond the precincts of tha 
forwt; and to have free warren throughout all his own lands for 
hsiea, pheasants, and partridges, t 

P'rom a charter of liberties granted by King John, when Earl 
uf Morton, to the inhabitants of Devonshire, it appears that tlia 
wlf was at that time included amongst the " beasts of venery " 
in that county. The original deed, which is still preserved in 
the custody of the Dean and Chapter of Exeter, is under seal, 
ud provides iTiter alia as follows : — " Quod haheant canes euoa 
it i/mm liberlatee, swut mdiue et Uberiue illaa habuerunt tem- 
'^•" ejued. Henrid regis et reUelloa suoa, et quod capiant 
lirf^wm, vulpem, cattum, lupwm., lepwe^n, lutram, 
•^i\c\inqu6 iUa invenirent extra regardum forestm meai." { 

" Baronage," vol. i. p. 48. Ex Regist. Arciiiep, Oant. p. 876a, 
" Baronage," vol. j. p. 701 ; Ourt. Autry. 11. u. 16. 
I Autograpbo penes Dec. et, Oapit. V.xaa, Froco Bp. Lytlelton'i 
Quoted by Pemiiuit, "Britisli Zoolo^'," vol. ii. p. SOS 
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1 209. Mr. Evelyn P. Shirley has printed * two deeds of the 
10th of John relating to the manor of Henwick, in the parish 
of Bulwick, county Northampton, held by the tenure of hunting 
the wolf (jugaco'm lupi\ and he suggests that from this tenoie 
probably the family of Luvet or Lovett, originally of fiushton, 
and afterwards of Astwell, in the county of Northampton, bore 
for their arms : Argent, three wolves passant in pale sable, armed 
and langued gules.f 

1212. In this year, when the neighbourhood around Kings- 
clere was all forest, we find an entry in the Patent Bolls of a 
payment of os. as a reward for the capture of a wolf at Fice- 

mantle.} 

Amongst the entries in the Rotulua MiscR^ arvrd Begis 
Jokannis quartodecimi (1212-1213), are the following, which 
relate to the capture or chase of the wolf: — 

*' On Thursday next in the octave of the Holy Trinity [May 
12], for a wolf captured at Freemantle [Surrey] by the dogs of 
Master Ernald de Auclent, 5«." 

'* Item, [at Hereford]. Thursday next following the Feast of 
St. Martin [Nov. 22] to Norman the keeper of the Veltraf8,§ 
and to Wilkin Dogget, his associate, for two wolves captured in 
the forest of Irwell, lOs., by the King's command, &c." 

" Item, Wednesday next following the feast of St. Gregory 
[March 12], for two wolves captured, one at Boscha de Furchiis, 
the other at Willes, 10«., given to Smalobbe and Wilck, the 
keepers of the veltrario of Thomas de Sanford." 

It is perhaps not generally known that the circumstance 
narrated in the story of Bedd G^lert, with which every one i» 
feuniliar, is said to have occurred in the reign of King John, 
and, as it is a story of a British wolf, it is scarcely to be passed 
over here without some brief notice, the more so as it is not at 
all unlikely that it is founded on fact. 

The tradition, as related by Bingley in his "Tour round 
North Wales," || is to the effect that Llewellyn, who was Prince 
of Wales in the reign of King John, resided at the foot of 
Snowdon, and, amongst a niunber of other hounds which he 
possessed, had one of rare excellence which had been given to 
him by the King. On one occasion, during the absence of the 

* '' Oolloctanea Topographica et Genealogica,^ vol. vi. p. 299. 
t Tho wolf frequently appears on heraldic bearings, as we shall haveoccir 
sion to notice more particularly later on. 

I Patent liolls, May 31, 1212, quoted in " Sussex Archieological OolleO' 
lions/ xxiv. p. 101. 

§ Veitrarius, or vautranuSf from the French vauUrey was a mongrel hou0^ 
for the chase of the wild boar. Blount, " Ancient Tenures," p. 283. 

II « A Tour round North Wales," 1600, voL i. p. 368. 
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^mily, a wolf eDtered the house ; and Llewellyn, who first re- 
turned, was met at the door liy his &vounte dog, who came 
out, covered with blood, to greet hia master. The prince, 
alarmed, ran into the house, to find his child's cradle over- 
turned, and the ground flowing with blood. In a moment of 
t«rror, imagining that the dog had killed the child, he plunged 
his sword into his body, and laid him dead on the spot. But, 
on tnniing up the cradle, he found his boy alive and sleeping 
b; the side of the dead wolf. This circumstance had such an 
effect on the mind of the prince, that he erected a tomb over 
the hithful dog'ci grave on the spot where afterwards the 
fuishchurchwasbiLilt, called from this incident Bedd Gelert, or 
the grave of Gelert. From this story was derived the common 
' Weldi proverb, " I repent as much as the man who slew his 
greyhound." 

The dog referred to belonged proltably to the race called by 
Pi^nnant " the Highland gre-hound," of great size and strength, 
I'-'p-chested, and covered with long rough hair. This kind 
' much esteemed in former days, and was used for hunting 
.11 the great chieftains in preference to any other. Boe- 
;ii- styles it "genus venaticum cum celerrimum turn au- 
•I'lasimuvi." 

I:'16-li!72. In the following reign of Henry HI. wolves 
■"?:e still sufficiently numerous in some parts of the country to 
uuluce the King to make grants of land to various indiiiduals 
Upon the express condition of their taking measures to destroy 
these animals wherever they could be found. 

In 1242 it appears that Vitalis Engaine made partition with 
William de Cantelupe, Baron of Bergavenny, of the manor of 
BadmundeGlield, in Suffolk, as heir to William de Curtenai, 
tnd the same year had a summons, amongst divers great men, 
to attend the King, well appointed with Iiorae and arms, in his 
expedition into France. He died in 1249, seized, inter alia, of 
fait of the lordships of Laxton and Fichesle, in the county of 
Xorthampton, held by "petit serjeanty." viz. to himt the wolf 
!■■ nsoever the King should command.* 

"■■Iden, in his notes to Drayton's "Polyolbion" (is. 76), 
li to the manor of Piddlesey in Leicestershire, which was 
■ fjy one Henry of Angage per aerjeantinm. capi^ndi liipoa, 
i '[uotes as his authority Itin. Leicester. 27 Hen. III. in 
!uv. Turr. Lond. In the same reign, William de Limeres 
! i>f the Kin g in capite, in the county of Southampton, one 
i itate of laud in Comelessend by the service of hunting the 
! with the King's doga-t 

' ringdale's " Baronage," vol. i, p. 406. 
!«. temp. n. R, fil. R. Johonnia. Harl. MS. Brit. Mus. No. 708, p. 8. 
^KWSEDIES, VOL. II.— NO. VI. L 
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1272-1307. In the third year of the reign of Edward 1 
namely in 1275, Sir John d'Engayne, knight, and Elena d'Ei 
gayne, his wife, held lands in Pightesley, in the county < 
Northampton, by the service of hunting the wolf, for his flee 
sure, in that county,* from which it is to be inferred tha 
this animal was then common enough to be himted for sport, a 
the fox is now-a-days. Other lands in the same coimty wen 
held at this time on condition of the tenant finding dogs " foi 
the destruction of wolves " and other animals^f It appears bj 
the Patent Eolls of the 9th year of Edward I. that in 1280 
John Giffard of Brymmesfield or Brampfield, was empowered 
to destroy the wolves in all the King's forests throughout the 

realm.l 

In 1281, Peter Corbet was commissioned to destroy all tk 
wolves he could find in the counties of Gloucester, Worcesteij 
Hereford, Salop, and StaflFord, and the bailiffs in the several 
counties were directed to be ready and assist him. The com- 
mission, which has been frequently referred to by different 
writers, runs as follows : — 

" Pro Petro Corbet^ de lupis capiendie. 

^' Bex, omnibus Ballivis, &c. Sciatis quod injunximus de- 
lecto et fideli nostro Petro Corbet quod in omnibus forestis el 
parcis et aliis locis intra comitatus nostros Gloucester, Wygora 
Hereford, Salop, et Stafford, in quibus lupi poterunt ioveiiiri 
lupos cum hominibus, canibus et ingeniis suis capiat et de- 
struat modis omnibus quibus viderit expedire. 

^' Et ideo vobis mandamus quod idem intendentes et auxilian- 
tes estis. 

« Teste rege apud Westm. 14 Maii a.d. 1281.'' § 

In 1285 William de Eeynes held two carucates of land a1 
Boyton, in the parish of Finchingfield, in the county of Essex 
by the serjeanty of keeping for the King five wolfdogs {caM 
luporario8),\\ In the following year John Engaine was returnee 
as holding one carucate of land in Great Gidding, in the count; 
of Huntingdon, by the serjeanty of hunting the wolf, fox, an( 
wild cat, and driving away all vermin out of the forest of th 
King in that county.f About the same time Richard Engain 

* Plac. Ooron. 3 Edw. I. Rot. 20, dorto. Blount, '' Ancient Tenurea 
p. 230. 
t Camden, '' Britannia," p. 626, and Blount, p. 267. 
X Oalend. Rot. Pat 40. See also Rymer's '^ Foedera,** sub anno, 
§ Of. Rymer's " Foedera," i. pt 2, p. 192 ; ii. p. 108. 
II Plac. Ooron. 13 Edw. I. Essex; Blount, '* Ancient Tenures,*' p. 236. 
" \c. Ooron. 14 Edw. L Rot 7, dono; Blount, p. 290. 
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dd one himdred shillings of land in the town of Guedding, in 
he county of Cambridge, by the serjeanty of taking wolves, 
Ad he was to do this service daily (et facit aervid auum 
x)iidi«),* from which it may be inferred that wolves at this date 
fere particularly troublesome. 

In 1297 John Engaine died, seized, inter alia^ of certain 
lands in Pytesle, Northampton, found to be held of the King by 
the service of hunting the wolf, fox [cat], badger [wild boar, and 
bre] ; and likewise the manor of Great Gidding in Com, Him- 
tendon, held by the service of catching the hare, fox, cat, and 
ffolf within the counties of Huntendon, Northampton, Bucking- 
tiam, and Koteland.f 

In the accounts of Bolton Priory, quoted in Whitaker's " His- 
tory of Craven " (p. 331) occur entries in the years 1306-1307, 
)f payments made in reward for the slaughter of wolves, as 
^CuidaTa qui occidit lupum.^^ but the price paid to the slater 
is not stated. 

1307-1327. In the fourth year of Edward 11. (1311) a com- 
position was made between Sir John de Mowbray, sim and heir 
rf Sir Roger de Mowbray, of the one part, and the Abbot of 
Seiby of the other part, whereby the said Sir John quitclaimed 
tod released to the Abbot all his right in the soil and manor of 
Crowle and other places therein mentioned, and the Abbot and 
invent granted to the said Sir John de Mowbray certain 
^oods, saving their free warren of goats, foxes, wolves, conies. 

The King's forest of the Peak in Derbyshire was of great ex- 
ent, aod about this time was much infested with wolves. A 
amily of the hereditary name of Wolfhunt held lands by the 
lenice of keeping the forest clear of these destructive animal3.§ 
f^'rom the records in the Tower of London (13 Edw. II.) it 
ippears that in 1320 some persons held lands at Wormhill, in 
he county of Derby, by the service of hunting and taking 
'olves, from whence they were called Wolfhunt or Wolve- 
mnt. 

Mr. W. H. G. Bagshawe, of Ford Hall, Chapel-en-le-Frith, 
Derbyshire, a descendant of the same family as Mr. F. W. 
bagshawe, the present owner of Wormhill Hall, in reply to 

• Testa de Nevil, p. 358 ; Blount, p. 262. 

t Du^dale's " Baronage,'' vol. i. p. 466. See also the RotiUi Hundredorum , 
J- p. 627. 

t Burton, " Monasticon Eboracense," p. 389. The Abbots of Selby and of 
*^t Miry, at York, were the only two mitred abbots in Yorkshire. 

5 " The Local Laws, Courts, and Customs of Darbyehire," Journ. Brit, 
'^rcbaol. Assoc. voL vii. p. 197. • 

l2 



148 POPULAR SCIENCE BEYDBW. 

inquiries on the subject, has been good enough to write as 
follows : — 

"With the particulars in Blount's 'Tenures' I have long 
been familiar, but I am sorry to say that I cannot add to them. 
Wormhill Hall was never, so far as I know, held under the 
tenure of destroying wolves, but it is most probable that a por- 
tion of the lands there were originally held by the teniu'e of 
preserving the King's * verte and venyson ' in his forest of the 
Peak. 

"There is a tradition that the last wolf in England was 
killed at Wormhill, but I never saw any evidence of it, nor did 
I ever hear any date assigned. 

" In my pedigree of our family I find a note to the eflfect 
that John de THall (the ancestor of John de I'Hall whose 
daughter Alice was the wife of Nicholas Bagshawe) was ap- 
pointed a forester (of fee, I suppose) to the King by deed 
dated 1349." ♦ 

1327-1377. So far as can be gathered from history, it would 
seem that while stringent measures were being devised for the 
destruction of wolves in all or most of the inhabited districts 
which they frequented, in the less populous and more remote 
parts of the country steps were taken by such of the principal 
landowners as were fond of hunting to secure their own partici- 
pation in the sport of finding and killing them. 

In Edward III.'s time, Conan, Duke of Brittany, in 1342, 
gave pasture for cattle through all his new forest at Eichmond 
in Yorkshire to the inmates of the Abbey of Fors in Wensley- 
dale, forbidding them to use any mastiffs to drive the wolves 
firom their pastures.f 

In the same year, Alan, Earl of Brittany, gave them com- 
mon of pasture through all his forest of Wandedey-dale ; and to 
cut as much grass for hay as they might have occasion for, and 
also gave them leave to take such materials out of the said 
forest to build their houses, and for other uses ; and such iron 
and lead as the monks found they might apply to their own 
use ; and if the monks or their servants foimd any flesh of wild 
beasts in the forest, killed by wolves, they might take it to their 
own use.J 

In 1348, we find that Alan, son and heir of Walter de Wulf- 
hunte, paid a fine to the King of 2s. 4d. for his relief in respect 

* Camden, " Britannia,'^ tit. Derbyshire, i. p. 691; Blount, '^Ancient 
Tenures," p. 260. 

t Escheat, 16 & 16 Edw. III. no. 7Q, in Turr. Lond. See also Burton, 
" Monaatioon Eboracense," p. 370. The Abbey of Fors, in Wensleydale, was 
founded in 1146 ( Whitaker). 

* ""^urton, loc. cit 
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of lands at Mansfield Woodhouse, in the county of Nottingham, 
which he held by the service of hunting wolves out of the forest 
of Shirewood, if he should find any of them.* 

Thomas Engaine, dying without issue in 1368, was found to 
be seized of 14 yardlands and meadow, and 14s. Ad. rent, in 
Pightesle, in the county of Northampton, held by the service of 
finding, at his own proper costs, certain dogs for the destruction 
of wolves, foxes, martens, cats, and other vermin within the 
counties of Northampton, Soteland, Oxford, Essex, and Buck- 
ingham.! 

Passing over the reign of Eichard II. (1377-1399), during 
which we have not met with any particular mention of wolves 
in England, we come to that of Henry IV. 

1399-1413. In this reign Sir Thomas de Aylesbury, knight, 
and Catharine his wife, held of the King, in capite, the manor 
of Laxton, inter alia^ with the appurtenances in the county of 
Northampton, by "grand serjeanty" — viz., by the service of 
taking wolves, foxes, wild cats, and other vermin in the counties 
of Northampton, Rutland, Oxford, Essex, Huntingdon, and 
Buckingham.^ 

Shakespeare has pictured wolves as existing in Kent in the 
time of Henry VI. When the Duke of Suffolk lands at night 
upon the shore near Dover, he hears 

*' Loud howling wolves arouse the jades 
That drag the tragic melancholy night." 

2 Hen. VI. act. iv. sc. 1. 

This may or may not be a poetic license. At all events, no 
evidence on the subject is now forthcoming, and we must turn, 
therefore, to some more reliable source of information. 

1422-1461. In the eleventh year of Henry VI. (1433), Sir 
Bobert Plumpton, knight, was seized of one bovate of laiid in 
Mansfield Woodhouse, in the county of Nottingham, called 
Wolf-hunt land, held by the service of winding a horn and chas- 
ing or frightening the wolves in the forest of Shirewood.§ This 
tenure is particularly referred to by the Eev. Samuel Pegge in 
his paper " On the Horn as a Charter or Instrument of Convey- 
ance." II A coloured plate of an ancient horn of the kind re- 

• De termino Trin. anno 21 Edw. HI. Rot. 1. Harl. MS. Brit. Mus. 
No. 34, p. 160. Blount, " Ancient Tenures," p. 258. 

t Rot. fin. 42 Edw. HI. m. 13. Dugdale's " Baronage," vol. i. p. 467 ; and 
Blount, " Ancient Tenures," p. 231. 

X Blount, op. cit. p. 260. 

§ Eflcaet. 11 Hen. VI. n. 5. Blount, p. 312. 

11 " Archaeologia," vol. iii. p. 3. See also Thoroton, •* Antiq. Notting^ 
ham." p. 273, and Strutt, " Sports and Pastimes," p. 19. 



150 POPULAR SCIENCE BEYIEW. 

ferred to, in the possession of the late Lord Eibblesdale, will be 
found in Whitaker's " History and Antiquities of the Deanery 
ofCraven"(1805),p. 34. 

In the seventeenth year of the reign of Henry VI., namely, 
in 1439, Robert Umfraville, a descendant, no doubt, of the 
Eobert de Umfraville mentioned in 1076, held the castle of 
Herbotell and manor of Otterbum, of the King, in capite, by 
the service of keeping the valley and liberty of Riddesdale, 
where the said castle and manor are situated, free from wolves 
and robbers.* 

1461-1483. If no particular mention of wolves is to be met with 
in the days of Edward IV., his reign would nevertheless deserve 
mention here from the fact that at this period lived Juliana 
Barnes, or Bemers, a lady of an ancient and illustrious house, 
who was commonly styled the Diana of her age, and writ divers 
treatises on Hunting, Hawking, Fishing, and Heraldry .f 

In her " Boke of St. Albans," 1480, she includes the wolf 
amongst the beasts of venery, and thus instructs her readers on 
the subject : — 

" My dere sones wher ye fare by frith or by fell 
Take gode hede in hys tyme how Tristram % will tell 
Four maner Bestes of Venery there are : 
The first of hem is a Hart, the second is an Hare, 

The Boor is one of tho, 

The Wolf and no mo." 

1485-1509. Some time between these two dates, during the 
reign of Henry VII., it is probable that the wolf became finally 
extirpated in England, although for nearly two centuries later, 
as will presently appear, it continued to hold out against its 
persecutors in Scotland and Ireland. That it was rare if not 
quite extinct in England about this time, may be inferred from 
the circumstance that little or no mention is made of it either 
in this or any subsequent reign. We are aware that Professor 
Newton, in his " Zoology of Ancient Europe," has stated (p. 24) 
that the wolf was found in the North of England in the reign of 
Henry VIII., a statement which has been also advanced or 
copied by other writer8,§ but we have not met with any proof 
of this. Indeed, Professor Newton has lately been good enougL 
to inform us that he has forgotten his authority for the state- 

• MadoX; " Baronia Anglica," p. 244. 

t Longstaffe, " Memoirs of the Life of Ambrose Barnes" (Surtees So- 
ciety), 1807, p. 27, 

X Manwood, in his " Forest Laws," mentions " Sir Tristram, an ancient 
forester, in his worthy treatise of hunting." 

§ Wise's " New Forest, its History and its Scenery," p. 14. 
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ment and thinks it possible a reference to the MS. of his essay, 
which was not preserved, would show that, by a typographical 
error, the numerals VIII. were printed for VII. 

In Longstaffe's " Memoirs of the Life of Ambrose Barnes," * it 
is stated that ^^ his immediate ancestors held an estate of 500^. 
a year of the Earls of Kutland and Belvoir, one of whom (a 
Barnes of Hatford near Barnard Castle) was commonly call^ 
Ambrose 'Eoast Wolf,' from the many wolves which he hunted 
down and destroyed in the time of Henry VII." f 

In a footnote to this passage, the editor remarks that " the 
statement must be taken cum grano aaJ/ia. Belvoir is not a 
title, and the Manners family did not become Earls of Rutland 
until 1525, in the reign of Henry VIII4 On the other hand, 
the period of Henry VII. is late for wolves, although Richmond- 
shire might well yield some of the latest specimens in England. 
Doubtless they were familiarly aspociated with wildness of coun- 
try long after their extinction. Many a tradition would linger 
in the families of their destroyers. Ambrose ' Roast Wolf was 
probably a real person of some date or other." 

Within the precincts of Savernake Forest, the property of 
the Marquis of Ailesbury, near Marlborough, there is still 
existing a very old bam and part of a house, known as ** Wolf 
Hall." It was the ancient residence of the Seymours, and when 
Henry VIII. married Lady Jane Seymour it was here that he 
came a-courting, here that Queen Jane Seymour was married^ 
and in this bam the wedding festivities are said to have taken 
place. In reply to our inquiry whether any tradition exists in 
the county to explain the name " Wolf Hall," the Rev. A. C. 
Smith, of Yatesbury Rectory, Calne, has obligingly written as 
follows: — *'It is supposed by some to have had nothing to do 
with the animal ' wolf,' but rather with ' Ulf,' the owner's 
name, if there was such a person, and in the Domesday record 
it is spelt * UlfhalL' At the same time I must add that Leland 
in his Itinerary (ix. 36) calls it in Latin ^Lupinuni viUaaplen- 
dido,' and again in his poem on the birth of the Prince of 
Vales, afterwards King Edward VI.,§ ^ Incohtit vUlarriy qucn 
'f^omme dicta Lupinum.^ Bishop Turner also (Bibl. Brit. 

* "Memoirs of the Life of Mr. Ambrose Barnes, late Mercliant and 
sometime Alderman of Newcastle-upon-Tyne/* p. 28. (Surtees Society, 
' 1867.) 
i t See also Longstaffe's " Durham before the Conquest," p. 49. 

t It is possible that a typographical error may have been made here also, 
*Dd that Ambrose "Roast Wolf" may have lived in the reign of Ilenry 
Vm., not Henry VII. 

i Lehmd, " G^nethliacon iUustrissimi Eduardi Principis Oambriie," See- 
1543. 
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Hibem.) speaks of certain epistles written by Edward, the 
future Protector, son of John Seymour, 'cfo Puieo Lupino^ 
vvlgo Wolf-^haU. So I am not so certain that the derivation is 
not from the animal. At all events, it is quite clear that no 
place could be more fitted for wolves than the wild extensive 
forest of Savemake hard by : indeed, if wolves existed at all in 
England now, that would be just the very harbour for them." 

Many names of places compounded with "wolf" still remain 
to attest probably the former existence of this animal in the 
neighbourhood. Wolmer, Le. Wolftnere or Wolvemere, is an 
instance of this. Wolferton is another. Eeginaldus, in the 
twelfth centiury, variously translates Wolsingham into the 
dwelling of Ulsus, the habitation of a wolf, and the howling of 
a wolf, expressed in the English tongue. So Symeon has '* Ulfs- 
weUe, id est fans lupiJ" * 

Wolfenden in Rossendale, and Wolfstones in Cliviger (Lanca- 
shire), both attest the existence of this animal there when those 
names were imposed.f Many other instances, no doubt, might 
be adduced. In the parish of Beckermont, Cmnberland, is a 
small hill, commonly called " Wotobank." A traditionary stoiy, 
of great antiquity, says that a lord of Beckermont and his lady 
and servants were one time hunting the wolf; during the chase 
this lord missed his lady ; after a long and painful search, they 
at last, to his inexpressible sorrow, found her body lying on 
this hill or bank, slain by a wolf, and the ravenous beast in the 
very act of tearing it to pieces, till frightened by the dogs. In 
the first transports of his grief the first words that he uttered 
were " Woe to this bank ! " since which time it has been com- 
monly called "Wotobank."! 

In Lancashire, Dr. Whitaker particularly mentions the great 
forests of Blackburnshire and Bowland as " among the last re^ 
treats of the wolf." § 

The "wolds" of Yorkshire appear, from the dates of pari»to 
books, to have been infested with wolves perhaps later than ao^ 
other part of England. 

" In the entries at Flixton, Hackston, and Folkston, in tti ^ 

• LoDgstafie, " Durham before the Conquest/* p. 49. 

t Whitaker, " History of Whalley," i. p. 74. " The first mention ^ 
Bossendale by name is in the memorable story of Liwlphus, dean of Whalle^ 
whO; at a place called Ledmesgreve, cut off the tail of a wolf in hunting 
(torn, cit p. 316). 

t Hutchinson, "Hist, and Antiq. Cumberland," (1794) vol.ii. p. 16. Up^^ 
this tradition was founded an " elegant elegiac tale *' by Mrs. Cowley, nrhi^^ 
will be found prefixed to the second volume of the work quoted. 

§ Op. cit. i. p. 205. The last herd of red deer was destroyed there i° 
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Kiding of Yorkshire," says Blaine, " are still to be seen 
loranda of payments made for the destruction of wolvea at a 
certain rate per head. They used to breed in the ' cars ' below, 
amongst the rushes, furze, and hogs, and in the night time to 
come up from their dens ; and, unless the sheep had been pre- 
vioualy driven into the town, or the shepherds were indcfatigably 
vigilant, great numbers were sure to be destroyed." * 

Apparently, however, some error has been made in the ortho- 
graphy of the localities referred to. Flixton is in the parish of 
Folkton, near Scarboro'. We cannot lind that there is any anoh 
place as tlackston, but Staxton adjoins the other places named, 
and is in the parish of Willerby. The Vicar of Willerby, the 
Rev. G. Day, at our request has most obligingly instituted a 
(iearch, but has not succeeded in finding any parish-books of any 
kind 10 throw light on the subject. He writes ; " There are no 
:^'-iitry resident in this parish, and the Churchwardens have been 
' naiit-farmers for generations. Of course great changes have 
-.i-'urred within the last, say, fifty years, amongst these tenant- 
■ inuers. Many names have altogether disappeared from the 
i iii^ roll, and it is thought probable by some of the old 
: iiuiers here that churchwardens in past days having left their 
Urms and gone to other parishes took the parish books with 
Ui«m, and that these have either been destroyed or are lying hid 
in some descendant's bimber-room." 

Id a paper " On Dmidical liemains in the Parish of Halifax, 
Yorkshire," by the Rev. John Watson, M.A., F.S.A.,t the author 
nys that "in the township of Barkisland is a small ring of 
ttonee, now called (1771) by the name of the wolf-fold. It is 
hut a few yards in diameter, but the exact measurement of it I 
bave lost or mislaid. 

"The stones of which it consists are not erect, but lie in a 
confused heap like the ruins of a building. This place I took 
at first, from its name, to bave been either a decoy for the 
Uking of wolves, or a place to secure them in for the purpose of 
'"intiug: but observing that Mr. Borlase (p. 198) has attributed 
■™e such little cirques to the Druids, I have mentioned it here 
■T the further examination of antiquaries, who are desired to 
'.ike notice that if ever there was a wall here of any strength, 
■be be»t stones must bave been carried away ; for what are left 
'-'■'■■ extremely rude, and totally unfit of themselves to compose 
my sort of building; also that these few insignificant pebbles, 
they now appear, must be of considerable antiquity, as well 
(fflce have been of considerable accomit, because they give 

' Blune's ' Encjclop. Rural Sports ' (1868), p. 105. 
t Arclueologia, vol. ii. p. 356. 
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the name of Bingstone Edge to a large tract of land aroun 
them." 

The late Wm. Hamper, F.S.A., in some learned observatioR 
on certain ancient pillars of memorial called Hoar Stx)nc 
(Archaeologia, xxv.), gives a list of such as were known to hin 
and, in particular, mentions (p. 53) the wolf-stone^ a siDgl 
merestone, one immense natural block on Dr. Whitaker's estate 
which, in all probability, was erected to commemorate soiti 
notable slaughter of wolves in days gone by. 

[To he continued.'] 
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:e liquefaction and solidification of air 

and hydrogen. 

Bt W. N. hartley, F.R.S.E., Kino's Ooluegb, Loiroos. 
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a former article in the " Popular Science Eeview " (April 

1877), it was found necessary to give a sketch of the researches 

►f Faraday and others on the liquefaction of gases ; and of 

lag^iard de la Tour and of Professor Andrews on the liqiud 

id gaseous conditions of matter. According to the investi- 

ktions of those observers a gas is nothing more than a highly 

ittenuated vapour, and therefore capable of liquefaction. As, 

iwever, the hitherto possible deviations from the atmospheric 

iperature and pressure are insufficient to cause a change of 

ite in many of these bodies, they have received the name of 

lent gases. The distinction between a gas and a vapour 

is purely arbitrary. Ether in the gaseous state is called a vapoiu-, 

while sulphurous acid is called a gas. They are, however, both 

the vapours of liquids which boil at -f S5° C. (95° F.) and 

-10^ C. (14° F) respectively. 

In a recent article in the " Chemical News " M. Raoul Pictet 

has very concisely stated the conditions to be fulfilled before we 

may hope to bring the molecules of a gas into such close contact 

with each other that they may cohere to form a liquid : — 

1. The gas must be absolutely pure, with no trace of a foreign 



2. A means of obtaining enormous pressures must be avail- 
able. 

3. A means of producing intense cold and subtracting heat at 
these low temperatures. 

4. The utilization of a large surface for condensation at these 
low temperatures. 

5. A means of utilizing the rapid expansion of the gas from 
extreme condensation to the atmospheric pressure — an expansion 
which, added to the preceding means, will compel liquefaction. 

** Having fulfilled these five conditions, we may formulate the 
fcllowing alternative: — ^When a gas is compressed to 500 or 
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600 atmospheres, and kept at a temperature of — 100^ 
— UCC. {— 148° F. — 220° F.), and it ia allowed to expand 
the atmospheric pressure, one of two tilings takes place : eitha 
the gas, obeying the force of cohesion, liqtiefiej?, and yiMs ita 
heat of condensation to the portion of the gas which expands and 
loses itself in the gaseous form ; or, on the hypothesis that cohe- 
Bion is not a general law, the gas must pass to the absolute zen 
and become inert ; that is to say, an impalpable powder. The 
work done by expansion will not be possible, and the loss 
of heat will be absolute." 

Strack with the tnith of this alternative, which is rendered 
certain by thermo-dynamic equations, based upon accurate data, 
M. Pictet devised a mechanical arrangement which entirely 
satisfies these various conditions, and which has been the means 
of experimentally demonstrating the fact that molecular cohesion 
is a general property of bodies, to which there is no exception. 
While M. Pictet, of Geneva, has been engaged for more than 
thi'ee years with the solution of this problem, M. Caillettt, of 
ChatiUou-sur-Seine, has devised an apparatus for the same pur- 
pose. This very beautiful instrument of M. Cailletet has been 
the first to compel the liquefaction of a so-called permanent gas, 
viz., nitric oxide. There soon followed a simultaneous lique- 
faction of oxygen by both experimenters. While, however, M. 
Cailletet obtains a visible iDdicatioD of liquefaction with his 
instrument, M. Pictet produces a stream of liquid which may 
be submitted to examination. 

M. Cailletet's Apparatus. — There are two forms of this 
strument. both the same in principle, the large one in use at 
Chatillon-sur- Seine ; and a smaller and very portable appaiatus, 
constructed by M. Ducretet, of Paris, of which fig, 1 is a rcpre- 
sentatioD. 

The gas to be compressed is contained in the glass lube (t t), 
the lower end of which is plunged into mercury, contained in 
the cistern (b), which is ainstructed by boring out a block of 
wrought iron so as to leave it aa a cylinder with very thick 
walls. The lower point of the glass tube is curved, and in the 
liend a little mercury is placed, to keep out atmospheric ale and 
prevent the escape of any gas before the tube is fixed in its 
place. The upper part of (t) is visible, and is surrotmded by a 
jacket (h), containing a refrigerating liquid, t>uch as liquid eul- 
phiurous acid, liquid nitrous oxide, or even iced water. Around 
the jacket(M)is placed a bell-jar(c), which contains some desic- 
cating material, such as oil of vitriol or chloride of calcium, to 
dry the air, and so prevent the formation of a dew or deposition 
of hoar-frost on the glass. Should the tube break, these sur- 
rounding vessels would prevent any dangerous result. The com- 
pression in this instnitnent is obtained by hydraulic power, vhila 
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in ttif larger one in use at. Chatillon-suP-Seine it ia effected by ] 
i scxew preas. I 

The lever (l) when put in action is capable of giving a pressure ] 
of about 300 atmospheres, as indicated by the maDometer (m), j 
In Older to increase this pressure the flywheel (v) is used, whiol| J 
acta upon a lateral screw plunger, capable of giving a pressure | 




t-Vj 
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»c*M ^. (Fwm "Lo NatHre,") 

of 500 atmospheres. The second flywheel {v^ serves to relieve 
the pressure with rapidity and cause a sudden expansion, a 
means whereby a lowering of the temperature of the gas con- 
tained in the tnbe may be effected to an extent of 200° C. 
(360' F.). This is the main advantage and peculiarity of M. 
Caillet«t's instrument. 

The tube (t t) is shown in fig. 2, detached fiom the cistern, for 
I purpose of beinp filled with the gas to be experimented 
The apparatus for producing the gas is attached to the 
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' ..'^ .'. r ii-'f ^>r< t.' ■ '.tz :• ui" J -▼j-iii ic r.cTsc i? ictic:- When 
..".*', <. • --fa* v-^*r. ■. .•:,:;■_-:" -1; Ti^»r_rri "-j* piti.* :-f tbr tzibe is 

'/"/:.% -J' v.,-'=?: -/-ii .: ".- "--.r: 7 r-z:.: I7 riiiir;j Tie oppo- 

..,!,. . ^'. __,yim,, ,*..' ^*,. .... >* "^ "'^^ .ii.. ^^ __^.T^.-_ -. .. .^CS^Uria 

\ /:■.". .:. y.«, '..;. ■.;■ ■■. :..:-*. i^i r-::i_"r.ri ". . ^i-rrsfrir^r. It it 

%'.=: •»-',V:/ :'; ,.V. -..-.r: .-,:,-i._-. T ^11^ l* 1" Jj!^-! ill 2. 2.Ctil}g Oil 

li'A L»^s'j^r'!./\'/ ; '/ ','.' y. . — VI. I'r^j'rnirrr !•? last 3i. 
^/^....'.'^A ^'=:i.-: ':j::/rr.:r.'::."i. -rii-Lir of tlr li.ue fiction of 
'//;*/",:. ?i'. •;.-: .o..,.-: N.r:.'-il^. ::. Pirii- A: a tcmperatuze of 

- 2'/' ^. ' — 2'i' f .^. a:, i -r. Ir: i :,:r^--:re of 270 atmospheres, it 
*ay i-r,.. \u *!.': {s'^^:fyi.'. T.\iC.K : \yi\ 'ii-irr thr ii*d'»aee of a sudden 
*'.x\9',u,>.\',u^ •A/.i'.jrj iovi*;:r; \\jz r>:rii>:rtit'jr* afrjut 2W' C. (360** F.), 
#iv/r?. '/f //ii'ijt. i-: ^tvAwjA Aiti.in thr: tube, which can be caused 
*tuVf \fj til': (,xyi(tzu l>:irjj( f:fyA-A \kI'W its critical point, and 
Uiu-: ;i.>. ijrijin;^ t.h<: liquid r^at',-. 

S'drofjf.u. i'ur'; ^Jry rjitro;(<.-n5 compressed to about 200 
.'itrfi'/K|ifi<:n'H, ;it a t.^jfuporaLiire of + 13"' C. (56' ¥.\ if allowed to 
<rx|i:ifirj /;ijiir||y, ooiid';n.'^'rh in a more complete manner; it first 
\n*'.i\t:u\M lui ;if#fx;araric': like that of spray, consisting of drops of 
iiri ;i|ifififi:i;ihlf: hi/^:, whicli move from tlie sides to the centre of 
i.Im: t uU*.^ fonniri^ a vertical column along its axis. The duration 
tt\ tliJH iipiiraniMCf; is about threi* seconds. 

'V\\t\ t'X\tt*.v\\\u'\\\. was repeated on December 30, in the 
\\\t'Ai'i\i'v. of many HftvauiH^ at the laboratory of the £coIe 
NoriMiili*. 

Ili/flrut/f.n, TUiH Hubstjincc, which possesses very nearly all 
I.I in |H'ii)irt'li4'H (»r a p<*rf'(!(^t gas, has been considered by most 
pliiliiMtijilirrH as abHolutcly incondonsablc. M. Cailletet,in sub- 
milling i(. to the tfstH which proved so successful with other 
liiMlirM, Inilnd on snvrral occasions to observe any resulting 
plirniiniiMia. iS^vcral rn|H'tilions of his experiments on Dee. 
MIt in prrscnri* of MiNI. S(t». Claire Doville, Berthelot, andMa»- ] 
(Milt, ^avi« indications of the liquefaction of hydrogen which 
wiTo ct>nvincing to those who witnesscil them. Pure hydrogen, . 
undiT n pressure of 1280 atmospheres, when aUowed to expand 
\erv su(Klenlv« forms an extivmelv attenuated mist, which in- , 
slantlv liisappears. The pr^^Hhiction of this mist, notwithstand- 
ing its extreme subtlety, was regarded as an undoubted proof 
that a ehanije to the liquid state had Ixvn etfiHited. 

Ah\ \\\ the liiiut^faoiion of oxygen and nitrogen that of air 

is alivadv demon^tl':kted : but as it was of interest to actuallv 

iHUioriu tlio experiment, a (H^rtiou of air, dried and freed from 

acid, was submittixl to pressure and subsequent ex- 
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and its condensation succeeded aa might have been 




M. Pict^t'a Machine. — In a former mimbcr of the " Popular 
■lit-oce Review " (July 1877) t'le beautiful freezing-macliine of 
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M. Saool Pictet was described, and it» advantages mention 
will be remembered that intense cold is produced in this mi 
by the evaporation in vaeuo ■ 
^o- *• phuTous add liquefied by pn 

In continuation, as it were, > 
subject comes the followio 
scription of the most perfei 
elaborate refrigerating appi 
capable of withstanding eno 
pressures, which has hitherb 
constructed. It is the inven 
M. Pictet, and is a further de 
ment of his ice-machine. 

Theaccompanyingdrawing 
3 and 4), show the general ar 
ment of its parts, while som 
of its very considerable dime 
may be gained from the fac 
the manometer near the lette 
raised from the ground aboi 
height of a man, while the n 
capable of holding more than 
persons. 

A liowit^r shell (b), cont; 
TOO grammes (a pound and a 
of chlorate of potash, mixec 
chloride of potassium to mot 
its decomposition. It is 1 
with gas. 

(aa', fig. 4.) A tube, over I 
in length, ^ inch external diai 
and ^ inch internal diamet 
which the oxygen condenses, 
furnished with a screw-tap 
from which the liquefied gasst 
forth. A pressure-gauge me; 
the pressure up to 800 • 
spheres. 

(c) A tube, 13 feet in If 
in which is solid carbonic 
The stock of carbonic acid is 
tained in a gasholder (a), 22< 
Ions in capacity. A three-w; 
places it, when desired, in cc 
tion with the apparatus. 
'■^ A non-conducting covering, with a wooden casing, 
'.tube of 2^ inches diameter, and 3 feet 7 inches 
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^■iBiiiiog liquid carbonic acid, compresf^ed l>y the pumps, 
^■Aurrounded by liquid sulphurous acid, contained in a tube 
^^Uies JD diameter aDd 3 feet 7 inches long. I 

^Bj) A non-oonductor of heat, with a wooden covering. 
^K) A tubular condenser for liquid Bulphurous acid, com^ 
^HRd by the pumps. ' 

^^n Doable-action eshaustion and force pumps; two for J 
^Bwg carbonic acid either from the tubular condenser at . 
^^B the gaf-holder, according to the position of a three-way 
^B; the other pair for exhausting sulphurous acid from the ' 
^^B surrounding n. 

^Hbe following is a concise description of the working of the 
^■kstoa : — A pair of pumps such as are used in the freezing- 
^H^iiie are BO coupled that the eshaustion of one corresponds to 
^Bfeompreadon of the other. The eshaustion of the iirst pump 
^^■nonicates with the tube enclosed in (h), which contains liquid 
^^■hnrous acid. Under the influence of a good vacuum the 
^Hperature of this liquid rapidly sinks to — 1>5° C. ( — 85° F.), 
^Kren to —73° ( — 100° F.), the lowest limit attained. 
^Hoogh this tube of sulphurous acid passes a second smaller 
^Bf in which is retained compressed carbonic acid. The car- 
^Bic acid, made from hydrochloric acid and Carrara marble, is 
^BhhM and dried and stored over oil in a gas-holder. 
^B At ft presHure of six atmospheres the carbonic acid liqueReB 
^■ner these circumstances. The resulting liquid is passed into 
^Belong copper tube (c) (fig. 4). 

^K'A pair of pumps are arranged to exhaust carbonic acid either 

^k&this tube (c), or from the gas-holder (o). When the car- 

^fauG ftL'id 1,'apour is extracted from the tube in which it is 

^^ntained the liqidd solidifies, and its temperature descends to 

^H140° C. (— 220°F.). The subtraction of heat is maintained 

^Vtiie working of the pumps, the cylinders of which extract 

^^ffitres, or approaching | g^lon, per stroke, at a speed of 100 

^HolceB per minute. Both the cooling tubes are covered with a 

^KiHXinductiug material and a casing of wood. Through the 

^Berior of the c;irbonic acid tube passes the long tube (a), pro- 

^Htding Irom the iron shell or retort it is over 16 feet in 

^■l^h, with a base of about ^ inch, and walls | inch in 

HBi^neBs. fieing constantly immersed in solid carbonic acid, 

■ the whole surface of the tube is brought to a temperature 

of —140° C. (— 220°F.). The tube is slightly inclined, to 

allow of liquid collecting at the lower end. The upper end of the 

1 i:be is cur^'ed, and screwed into the howitzer shell (b). The 

'!'Ie» of this shell are more than 2 inches in thickness; its 

• eight is 18 inches, and it-s diameter 10 inches. 

^Vhen oxygen is to be liquefied thig shell contains 1^ bs. of 
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ehionnf- cc tkiui^ and half a pcnmd of ehloride of potassiiimy 
•mrr^r Txiffeiiier. fi»ed. broken up, and placed in the shell 
iMz:y crj. "^ThsL uh- douUe circulation of the sulphurous and' 
curi*itiii: acidi- hat ssuSdenilj lowered the temperature of tlis 
aI1lla^u^u^ Tix- sbfX ii^ beaTed lir a aeries of ga^bumefs. 
di.<«uip«X7^iDTai: of cisycen zLkes place at first g^radually,and tha^' 
Tiiu^tc ^udatoil'v. iK!a: ibr end of the operation. A pressme- 
jv^u^ :i: Tih toid of \he rube pves^ oonftant indications of the 
TTiKT:* x zitt ^:»ac7J^^I.. The gauge, which is graduated to 800 
ami.-^iijereN. was- madr eipresalT for iL Pictet by Bourdon, of 

A: Tih TTTTT.TT.i.TiniL cc :be reacdon the gauge indicates t 
Tir^-surr a: 5>.' tTmLTspberts. which almost immediately sinks 
iOsL Tz'TTiU-.n^ K S5C' btmc»5pbere?w On opening the screw-tap 
1 >:*: .c L^uii -rrAreL is feet to squirt out with extreme 

Pi-.-*:^ :■: rJiarr.ii^ ii^'zcy incandescent, placed in the way of 
-iL;> >:r :x.f,Liiif w:::i iii:\TiDC!ei\"ible violence. A ray of electric 
>^2: :i-r. WT. •*.p:iL :bf ^ie: sb.-^wsi it to consist of two parts, one 
rsarril. *:::>£ s:l iar-i m s:- in length, the whiteness of which is 
5raivC^>'".-v* .tf :":*. riiiiii: lie liquid: the external portion has a 
^iij-. :-x: :.rj:brA:i:ig ih*T :t is protablT a congealed mist. 

i: /•■>.•,■>-'... — v."*t JiLi^kiT 10 c^ the present year M. Pictet 
sj.-.-^-.T^i.^i u. -i:/jtrr.rii:. ind eren solidifying, hydrogen in the 
li^.riT.ch^* :i: :.>i; S.x-irty for the Co^nstruction of Physical 

7:^ Ti'.»::r.r:::f:.: v;> ivrfj-rmrvi in the presence of several 
j*:r?<c> w::h j:re/*: fvj.r-s^ 

TLt jrSi> v;.> ; r«:jk:r.:\i ': t :be pr:»ce>> of Berthelot, which yields 
i: i.1 A >:j.:e . : :br n.>: ytrrfrv: p:aity. The reaction employed 
o,^i:>i>:> ii: .•jeo\^:i:p:.-::'.^ fo-rmi-te of pota.<siiun with caustic 
ix>:^.>h. A: a prts>;;TY ;f 6Jh> a:nio>pheres and a temperature of l 
— :40*' C. — 2:?0" K- :he:rv^ w^< rmittt-ii from the jet when the I 
tap wa> opciievi a >:t-tl-l!i:e je:, producing a hissiny sound like 1 
I ha: I'f a rt\i-hvM iroi; K-ini: inimerscd in water. ' 

The jet ^uddrnly Kvame iiiTermitTrnt, and there >ucceede(l a 
hail of solid partich->, like small slun K-ing projected on to the 
groimd with violence. Their fall produced a harsh, shrill noise 
or crackling sound. 

The tap was clostni. and the pressure fell from 370 to 320 
atm«>-pheres, at which it remained some minutes. It then n>?e 
to 325 atmi^hspheres. On opening the tap a second time only 
an intermittent jet escaped, rendering it probable that s^>lidifi- 
cation had taken place within the tube. Proof of this was 
afforded by the fact that when the temperature was allowed to 
rise by stopping the pumps the escape of hydrogen in the liquid 
state was resumed. 
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Pictet has recently found, both by calculation and ex- 
snt^ that liquid oxygen is identical in density with 

; a few short months since and to have talked of being 
o solidify hydrogen would have been idle ; to have be- 
it impossible of accomplishment would have been deemed 



M 2 



1«4 



Lt TT. B. ?T«:»SIL igiR FJXJ». 



WITH the ezceptioD of ihe lelejikin&e. no ducoverj has ftr 
many yeair attracted so miacii pmirJic attention, both ift 
ftcioiiiific and in general circles, as the ndiometer. Xor is thi 
tf»inarkabh?, if it Ix; considered how po&cdr novel and hot 
Hfrikin^ were the phenomena which it for the fir^ time brougU 
to li^ht. A new mine of knowledgte seemed to have beea 
opniirHl, and it was matter of speculation as to what further 
tit^npiun'H nn'f{fht' thus be within our grasp. The cmde fiicts of' 
rttf motion, ropiilHion, and rotation were so unexpected, and yet i 
no tuMlootly oiivious, even to unpractised observer^ that there ii 
litl lo oiitiNo lor surprise at the warmth with which their ezpli- 
tuHiou wan af(mnpted« and as little at the wildness and con- 
{\w\ \\\^ oharaotrr of many suggestions that were offered. Light, 
hi'f^L oloohioity, evaporation and condensation, the molecular 
«^\i)«h<u(ion ol^ guHt'H, and even less probable h vpotheses, all 
«vO^M>s) ni^'oiouM and plausible modes of accounting for what 
>\;^« M\ ol^jootivo roality past denying. There was not eFen 
\>NiMU i>^\ \\wvis\\\\\i\ as to the fact ; the less, in that the appar 
tn^in« o>nplovr«i» o«\nsiHting of a glass tube, a bar of common 
^\nh, M\y\ AW \\\\\i\u\vy oaudlo, was so extremely simple. The 
>^H^> hww. \\ u^^UnsI it wasi worthy of that name, went naturally 
\«<»^ 0\o ,v^^>s;nm\ oI' tho>v apjvirontly trivial but really complex 
iv^^ )MN^M:«\«i «s\m)MnAt)ons of iH>mmon materials which, when 
o-x-s^ ^>\*-it vuo<A^» h^xo tsioh of them formed a beacon and signal 
>s\w anv. iV,^ ^>nv{^i h\jih i>\ul of 8Ji*iontilic discovery. That this 
\v-»- *^^^ *<%'> U\o .^Uuu\lo of the scientific mind maybe seen 
v^A*.*^ .^x \\nvn^ uv^sl t^x tho IVt^sident of the Royal Society in 
^s-vvA" '-^x <>v,^ jjN\U \\unUI to the discoverer of the radiometer. 
* ^, »\ .>v HvvM^v^wx"' «^xd Or* IKxiker, ** attending this pheno- 

*, v.. *^*, jvixvMi >i \U ^>At imuortance. There is evidently 

tN%.«^ ^^..\'^ »i>^>^ x^ ^^^^ which we are not at present ac- 
^H.«A,<>^( , 4xs^ yW^v ^ ^^x M^viii^ what a thorough investigation 
^v«^^ fi, x^^^v xxi ^W ^xhruxxiuoui^i UMy load to.** 
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i perbaps not, too much to say that in thin inetrumeiit 

B one of the grandest and piu'est demonstrations of the 

movement, the ceaseless fliix and reflux, whicli is 

■ going on in nature; an idea stated by tJie Greek 

r in tJie axiom pu iravTa, reappearing iu the vortices 

^cartes, and of late testified to by many and various ex- 

lental acquisitions. Even in a logical point of view, con- 

jble interest attaches to the mental process involved in the 

■tament of the radiometer. The fact of repulsion being 

■ud its explanation postulated, a rapid method of exclu- 

jp8 needed, by means of which the cruder and leea con- 

r hypotheses could be filtered off. To this the inventor 

diately and almost instinctively applied himself; nor would 

difficult to trace in successive modifications which the 

tent has undergone the tabula priBaeiitia;, the tabula 

I in proadmo, the tahula graduum, and the other tests 

Bacon's "Novum Organon " conduce " to a true and legi- 

tduction, the very key of interpretation." An attempt 

' i in the following pages to show that " after an 

t correctly effected, an uffirmntive form will remain as 

luum, solid, true, and well defined, whilst all volatile 

go off in smoke." * 

"b purpose it will be desirable to take a brief survey, 
logical order, of the various steps in the evolution of 
ind moat complete form of the instrumeut, the otheo- 
i tbey occur iu the proceedings of the Royal Society, 
'lilosophical Magazine," and in one or two foreign 
ts. 

cember 11, 1873, a paper was read by Mr. Crookes, 
1 been received in the preceding August, of which the 
, " On the Action of Heat on Gravitating Masses," 
ir therein stated that the experiments to be recorded 
u observations made when using the vacuiun balance, 
ig the atomic weight of thallium, for weighing 
of a higher temperature than the surroimding air 
ts. There appeared to be a diminution of the force 
ition, the experiments being instituted in order to 
I action more sensible, and to eliminate sources of 



ble furnishes a historical r^sumS of vague hints 
object given by previoria observers. The Rev. A. 
i 1792, recorded the fact that a light substance deli- 
pended in air was attracted by warm bodies; this 
id to air currents. Laplace spoke of the repulsive 
beat; Libri had made experiments, imsuccesefully 
'by Baden PoweU ; Fresnel obtained contradictory 
" SoBum OrgaTion, Book II. par. xvi. 
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results with concentrated solar light acting on a fixed ant 
KUspettded disc ; Saigey described experiments vhich appea 
to prove that marked attraction existed between bodies 
different temperatures. Forbes and Faye had alino contrihu 
to the subject. 

The author then describes various forms of spparatns 
increasiDg delicacy which enabled him to detect and reo 
very sensiUe an action exerted by heat on gravitating bod 
which is not due to air currents or to any otiier known for 
force. A balance was made of a straw beam with pith 
masses at the ends, enclosed in a glass tube, and connected 
a Sprengel pump. The tube being ftdl of air, a spirit 1 
was passed along the lower part of the tube : the pith 
descended slightly, and then rose to considerably above 
original position. It seemed as if the true action of the ' 
was one of attraction, instantly overcome by ascending 
of air, A glass ball full of heated water was afterwards ^nl 
tuted for the lamp. The pump was then set to work, and the el 
of the hot body regularly diminished until the gauge was at 
12 millimf. below the barometer, when it was scarcdy not 
able ; at 7 mill, it ceased entirely. The exhaustion was, i 
ever, continued ; and it appeared that at 3 mill, the ascen 
the pith, when a hot body was placed beneath it, was equal 
what it had been in air of ordinary density. With the gai 
and barometer level, the upward movement was not only shar 
than in air, but took place under the influence of far less * 
the finger sending the ball up to its fullest extent. A piece 
ice producerl an exactly opposite effect to that of a hot body. 

An incandescent spiral of platinum wire was then pli 
within the tube, and produced exactly the same effects. ' 
rays of the sun and different parts of the solar spectrum ac 
so energetically as to endanger the apparatus. Varioue i 
stances were used as gravitating masses — ivory, brass, platint 
gilt pith, silver, bismuth, selenium, copper, mica, charcoal, i 
glass, among others. The apparatus was somewhat modified 
suspending the index from a cocoon fibre in a long tube 
nished with a bulb at the lower end, and the results were 
identical. After comparing these with Cavendish's celebr* 
experiments, the paper ends with a purely tentative discufl 
of their cause, in which no particular form of radiation iq>p( 
to be suggested. The next contribution to the eubject i 
paper by Professor Osborne Reynolds, received by the Ro 
Society on May 16, 1874, and read the following month, heat 
" On the Forces caused by Evaporation from and Condeosal 
at a Surface." He proceeds to show that the movements 
scribed by Mr. Crookes are due to the cause named in the tl 
and that they are valuable evidence of the truth of the Kii 
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theory of gases, Damelj, that gases consist of separate molecules 
moviog at great velocities. His apparatus was a light Btem of 
ghes, with pith balls on its ends, suspended bj a ailk thread in 
s glass dask, BO that the balls were nearly at the same level. 
Some water was then p?it into the flask, and boiled until all the 
air waa driven out of the flask, wliieh was then corked and 
«Uoired to cool. When cold there was a partial vacuum in it, 
the gauge showing i to ^ inch pressure. It was now foimd 
that when the flame of a lamp was brought near to the flask, 
Ibe pith ball which waa nearest to the flame was driven away, 
and that with a piece of ice it was attracted. The pith balls 
were more sensitive to heat and cold when the flask was cold 
ud the tension low, but the effect was perceptible until the 
frauge showed an inch, and even after that the ice would attract 
''- ball. 

riie reason why the repulsion from heat was not apparent 
_ [ i-aler tensioua was clearly due to convection cm-rents which ' 
ln-at generated within the flask. 

i lit- condition of the pith also perceptibly affected the sen- 

i-iiess of the balls. When a piece of ice was placed against 

ride of the glass, the nearest of the pith balls would be 

^rjuu towards it, and eventually stop opposite it. If "it re- 

maioed there for some time, the vapour would condense on the 

i>al! near the ice, while the other ball would l»ecome dry, as was 

I'i'wn by the former becoming heavier. When the ice waa 

■ved,the dry ball was found insensible to the beat, or nearly 

ihile that which had been opposite the ice was more than 

:i]arily sensitive. 

li the flji&k were dry, and the tension of the vapour reduced 
-i'l) the pump until the gauge showed | inch, then the vapour, 
iii'Hii^b purely steam, was not in a saturated condition, and the 
pitii balls, which were dry, were no longer sensitive to the lamp, 
Uwugb they woiUd still approach the ice. The last two facta 
Mcmed to show tliat a certain amount of moisture on the balls 
was necessary to render them sensitive to heat. With a dry 
fla»k and an air vacuum neither the lamp nor the ice produced 
Ibeir effects, even when the gauge was as low as ^ inch. 

It was argued from these data that the real force in action 
ws due tti evaporation and condensation, a view which was 
reduced to greater acciuacy by means of mathematical formulne. 
ITie condensible vapour in Mr. Crookes's experiments was held 
to be that of mercmy : and the necessity for a higher degree of 
exhaastioQ to he due to the fact that a larger proportion of air, a 
Mn-oondensible gas, was mixed with the vapour, which also was 
lot in a state of saturation. 

Professor Reynolds's paper presents, in addition, a very re- 
narkable appendix. ** Since writing the above," he says, " it 
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has occurred to me that, according to the Kinetic theory, a 
eomewliat similar effect to that of evaporation must r^ndi 
whenever hea4, is covimunicated from a hot surface to gaeJ* 

The particles which impinge on the surface will rebound witb 
a greater velocity than that with which they approached, and 
consequently the effect of the blow must be greater than it 
would have been had the sur&ce been of the same temperature 
as the gas. And in the same way, whenever heat is communi- 
cated from a gas to a surface, the force on the sur&ce will be 
less than it otherwise would be, for the particles will rebound at 
a less velocity than that at which they approach. 

Of this impoitant generalization of the view with which the 
paper started, mathematical demonstration is given. Convec- 
tion currents are said not to have much to do with Mr. Crookes'j 
experiments^ as one can hardly conceive that much heat could 
be commimicated to the gas or vapour in such a perfect vacuun 
as that he obtained, unless indeed the rate of diffusion variei 
inversely as the density of a gas. To this a note is added 
wliich appears to go even deeper to the root of the mattei 
than the text. " Professor Maxwell," it says, *' has shown tha 
the diffusion both of heat and of the gas varies inversely a 
the density ; therefore, excepting for convection currents, th< 
amount of heat communicated from a surface to a gas would b 
independent of the density, and hence the force (f) (previous! 
given as the force arising from evaporation) would be indepei 
dent of the density ; that is to say, this force would remai 
constant as the vacuum improved, while the convection currenl 
and counteracting forces would gradually diminish." 

It will be seen that this valuable paper, which has been al 
stracted in considerable detail, ends by suggesting a far moi 
general solution of the problem than that which is implied I: 
its title. 

In November of this year occur the remarks of the Presidei 
of the Koyal Society already cited. 

What may be tei-med the second stage in the history of r; 
diometry commences with a paper of Mr. Crookes's, received I 
the Royal Society on March 20, 1875, and read on April 2; 
It is marked by the same high level of experimental powe 
the same unwearied patience in varying experimental cond 
tions, and by the same combination of scientific imaginatic 
with accuracy of statement and mechanical aptitude as was tl 
first. 

It describes necessary improvements in the Sprengel pum 
and different forms of radiometric apparatus, by means • 
which the sensibility of the instrument is materially increase* 
The bulb is surrounded with adiathermanous media, and with 
second vacuum. Measurement is substituted for mere demoi 



Btretion of the occult force. The radiometric balance, elmped 
like an inverted 1", is developed, and the simitar behaviour of 
various gases at the minimum tensioD is established. The e&ect 
of interposing various screens, such as rock salt, rock crystal, 
smoky talc, plate glass, water, alum, calc apar. and ammomo- 
sulphata of copper of varying opacity, is tried. Experiments 
are made with the electric and solar spectrum passed through a 
quartz train, showing the activity of the ultra-violet rays. 

After some discussion of the neutral point between attraction 
and repulsion, various esplaoatory theories are adverted to. 
The air-current and electrical theories are considered to be 
abundantly disproved. Professor Reynolds's evaporation is in- 
cluded in this catalogue, from the impossibility of conceiving 
that sufficient gas or vapour was present, after repeated heating 
of the instrument to redness at the highest attainable exhaus- 
tion, to drive backwards a heavy piece of metal, or generally to 
produce the effects ascribed to it. The writer most espllcitly 
guard:< himself against substituting for these any theoiy of his 

A supplement, received on April 20, examines more closely 
radiation from black and white surfaces, the former being the 
most energetically repelled. Here, for the first time, occurs 
tbe familiar name radiometer, and the substitution of rotation 
for oscillation. Four radial arms carry dif.cs of pith larap-blacked 
on CO rreaponding sides, moimted on a central pivot, and enclobed 
in a globtdar vacuum. They revolve imder the influence of 
radiation with a rapidity proportional to the intensity of the 
incident rays. Several of these instruments were exhibited at 
the soiree of the Royal Society, and from this period may pro- 
l>ably be dated the great public interest manifested in the 
phenomena. It is deserving of notice that in this paper occurs 
iin allusion to the " limiting walla of the space " in which the 
rotation takes place, as though the possibility of the action being 
one of mutual reaction had already presented itself to the 
writer. 

At the anniversary meeting of the Royal Society on Novem- 
iiet 30, 1875, the Royal medal was awarded to Sir. Crookes as 
;il ready litated. 

Some experiments on the methods of obtaining perfect vacua 
fArraed the subject of a paper read before the Royal Society of 
Edinburgh on .Tuly 12, 1875. A brief i-faum4 is given in 
"Nature" of July 15, under the heading " Charcoal Vacua." 
it is there stated that tbe writers. Professors Tait and Dewar, 
liad taken advantage of the power charcoal has of condensing 
gases. While the exhaustion by means of a mercury pump is 

CKDg on, the charcoal is kept heated ; when the exhaustion has 
I earned as far as possible, the vessel is sealed, and, as the 
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charcoal cools, it condenses the veiy small residne of gas there 
raay be present. They test the vacuum by the passage of an 
electric spark. 

Professor Dewar then noticed that the effects of light and 
heat had been tried by many experimenters, and (hat in the 
" Edinburgh New Philosophitil Jouinal " for 1 828 there is an 
account of experiments by Mark Watt on the subject, made 
with apparatus differing little in appearance from that used by 
Mr. Crookea. A general account of .Mr. Crookes's results ww 
given, and the statement vna made that this observer c<M]^derBd 
the results " inexplicable." 

A substance opaque to heat-rays was tJien interposed between 
the candle and the balance, a layer of water J inch thick 
diminishing the deflection to | of the original amoimt, A 
smoked piece of rock salt or a solution of iodine in bisulphide 
of carbon were then interposed, and the deflection waa found to 
he only diminished by the obstruction due to the glass walls of 
the tank. 

Two equal discs, one of rock salt the other of ^lass, were 
attached to the glass fibre. The rock salt was inactive to the 
beam, the glass was active. The reason was given that the 
former, being transparent to heat, was not heated, whereas the 
glass was. The back of the rock-salt disc was then coated with 
lamp-black. Still there would be attraction. The heat and 
light, passing through the rock salt, were absorbed by the lamp- 
black at the surface of contact. The lamp-black is !ieat«d, but 
is so bad a conductor that before the heat can be conducted 
through it, it is conducted through the rock salt, heating it, and 
causing repulsion. The next modification was to substitute 
clear and ordinary sulphur for the salt. Clear i-ulphur, when 
acted on by light, resumes the appearance of ordinary sulphur, 
with disengagement of heat. A beam being thrown on this, 
the effect was attraction, the back being heateil, and repulsion, 
there being attraction on the other side. 

When the action takes place at ordinary pressure, it is pro- 
bably due to convection currents. The air in front of the disc 
is heated and ascends, leaving a vacuum, and hence the disc 
advances. To understand the action when the exhaustion is 
more perfect, the quantity of gas actually present must l>e con- 
sidered. A vessel of a like capacity would hold a bubble -j^r 
inch in diameter at ordinary pressure. It has been shown that 
the average path of molecules between two collisions is about 
J j^ ^ p millimetre. If the pressure be reduced to ^,,,,^„fl^ the 
mean path will be 400 millimetres, or about a foot and a half. 
When, therefore, the gas is rare, the particles may get a 
way o8^ before they meet others, and so the action becoi 
oeptible. It was shown that the total mechanical act ' 
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centimetre of black surface, from the radiation of a 
magnesian lamp at a distaDce of 150 millimetres, did not exceed 
a continuous pressure of -^ milligramme. 

On Januarj 5, 1876, a third communication was received 
by the Royal Society, and read on February 10. The influeace 
of various coatings on radiating and absorbing power is herein 
dificus&ed, and a quantitative instniment on the principle of 
Bohnenbergere electrometer ia described, in which repulsion is 
balanced against tlie m^ignetic couple, a small magnet being 
attached to the pith, and a controlling magnet mounted ad- 
justably on the outside. 

This immediately gives the appai-atus practical value as a 
photometer, by balancing a standard candle against the source 
of light to be tested. The same balance can be made between 
different colours. 

Here, for the first time, we meet with the vernacular name 
of "light mill" applied to the machine, which, though probably 
imitated from the " mouse mill " of another distinguished phy- 
sieist, undoubtedly had the fault of implying a theory, and cer- 
tainly affords a good instance of Bacon's " Eidola Fori." 

A fourth commnnicEktion, read on the same day, details ex- 
periments on the spectrum admitted to a radiometric balance 
through a quartz window. The maximum effect is found to be 
ia the ultra-red, the minimum in the ultra-violet. 

Then comes the momentous question, " Is the effect due to 
heat or light ? '' It ia noted that "there is no real difference 
between heat and light ; all we can take account of is difference 
of wave length : and a ray of different refrangibility cannot be 
split up into two rays, one lieing heat and one light." 

Sunlight filtered through alum, glass, and water, eo as to cut 
off the whole of the dark-heat rays, produced a deflection of 
105° in the torsion apparatus ; whereas on interposing a solution 
of iodine in disulphide of carbon, the deflection sank to 2°, 
showing that the deflection previously obtained wae almost en- 
tirely due to light. A number of other substances were also 
experimented on, so as to get comparisons of action. 

Professors Tait and De war's experiments, published in 
"Nature" for July 15, 1875, are examined by a special appa- 
ratus, and with different results from those of the original ob- 
servers, for whereas they state that rock salt is inactive to the 
light of a candle, and glass is active, the difference between 
them is found by several concordant observations to be only in 
tJie ratio 39 : 40. 

An extremely delicate torsion balance is lastly described, by 

jDeans of which the radiation from a candle ia measured in 

limals of a grain ; at twelve inches off it is found to be 

14 of a grain, at six inches 0*001772, or close to the 
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theoretical amount for half the distance, U6.j four times, which 
would be 0'001776. 

An observation on the ^^ weight of sunlight '^ is thus obtained^ 
On a dull day in December it is found equal to 10*2 candles, six 
inches off. This is by calculation equivalent to 2*3 tons per 
square mile. 

Leaving at this point, according to the chronological order 
adopted, communications to the Boyal Society, an important 
paper is contributed to the " Philosophical Magazine " by Mr. Q-. 
Johnstone Stoney. It commences by reciting the measurements 
just given, with others contained in an article on " weighing** 
a beam of light, contributed by Mr. Crookes to the periodical 
"Engineering" of February 18, 1876. The pressure is computed 
as equal to the hundredth of a milligramme on the square 
centimetre. The object of Mr. Stoney's communication is " to 
show that an excess of pressure of about this amount will arise 
under the operation of known laws." 

He begins by estimating the outstanding pressure in the 
chamber of the instrument as about -^ millimetre of mer- 
cury, caused in part by atmospheric air, in part by vapours 
of mercury and hydrocarbons, with, perhaps, other substances. 
Upon the vane fall such radiations from the candle as can pass 
through glass, which are competent to heat the blackened disc 
but not the transparent glass. It is assumed that the disc is 
thus heated -j^® Centig. more than the glass, and that it in turn 
warms a layer of air in contact with it. Such a layer, in 
ordinary air, would be thin, about one " fourth metre," or the 
thickness of a sheet of paper, for 20** Centig.; and for 0*1 half 
a *' sixth metre," explained as being a quantity equal to the 
wave length of light of mean refrangibility, and ^ih the size 
of human blood globules. Now, in the vacuum chamber the 
density is assumed at y^-J^nr ^^ ^^ atmosphere, and the thickness 
of the heated layer in this attenuated medium is 10,000^ 
times greater, or more than a decimetre, thus able to reach to 
the walls of the globe. " Some of the additional momentum 
communicated to molecules of air by the heated disc, instead 
of expending itself in intra-aerial collisions, and thus increasing 
the general temperature and pressure of the air, makes its way 
across the intervening stratum to the opposite walls of glass, 
where it occasions an increased pressure against them, of which 
the result is directed perpendicularly from the disc. An excess 
of force, equal and opposite to that on the glass, acts against 
the front of the disc, and is sufficient to account for the pheno- 
mena Mr. Crookes has investigated. The molecules reaich the 
disc with velocities corresponding to 15**, and are thrown off' 
from it with velocities corresponding to 15^*1. The augmenta- 
tion of pressure will be half what would arise if they had 
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k^bed, and left it at tbe higher temperature." The uniompen- 
eated excesa of pressure is, therefore, 0'000,01 1,5 of a gramme 
per square centimetre; Mr. Crookes making it = 0'000,01. 
It is obvious that all needed to substantiate the truth of this 
explanation was eiperimental evidence of a reactive force on tbe 
-case of tbe radiometer, corresponding to the action on the vanes. 
This was immediately supplied in a paper read before the 
Eoyal Society on March 23, 1876, by Mr. Arthur Schuster, of 
Owens College. " Whenever," he says, " we observe a force 
tending to drive a body in a certain direction, we are sure to 
find a force equal in amount acting in the opposite direction on 
the body from which the force emanates. If the force ia 
directly due to radiation, the reaction will be on the radiating 
body ; if, on the other hand, it is due to any interior action, 
aioh as the one suggested by Professor Reynolds, tbe reaction 
will be on the enclosure of the moving bodies," 

This proposition was easy to test by experiment. A radio- 
meter was sutipended on the bifilar principle, by two cocoon fibres, 
&om the top of a vessel which could be exhausted, and its 
lightest movement detected by an attached mirror. The light of 
an oxybydrogen lamp was concentrated on the vanes, which 
then revolved about 200 times a minute. The light being cut 
off by a screen, the position of the case was read by means of 
tbe dot of light on a scale. Tbe screen was then suddenly 
removed, and in every case a large deflection was observed ; 
the vessel being deflected in tbe opposite direction to that in 
■which the vanes turned. When the velocity of these had 
become constant, tbe vessel returned to its original position. 
On suddenly cutting off the bght, the vessel was again deflected, 
but in the opposite direction to that on starting the experiment. 
These experiments are easily explained, on the assumption that 
the force acting on the vessel enclosing the vanes is exactly 
equal and opposite to that acting on them. While the velocity 
of the latter is increasing, a force acts in the opposite direction 
on the vessel. When tbe light is cut oS', the reaction of resist- 
ance will act on the enclosure, and the enclosure will turn in 
the same direction as the vanes. 

"By means of the reaction of the enclosure," concludes 
Mr. Schuster, " I have been able to calculate tbe strength of 
the force ; and I have found that the pressure on a surface on 
which light of equal intensity to that used in my experiments 
falls, is equal to that produced by the weight of a film of water 
on a horizontal surface equal in thickness to tbe length of a 
wave of violet light." 

A paper by Professor 0. Reynolds was read on the same 
evening, commenting on Mr. Schuster's experiment, and Kome- 
■hat intensifying Mr. Crookes's differences of view; describing 
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him as " entirely repudiating" Professor ReynoldB's expl 
of the phenomena. It will be seen from the preceding' page- 
that this is hardly a fair representation of the remarkably im- 
personal and unbiaased attitude which Mr. Crookes maintained 
throughout the diBciission. 

On the 30th of the same month JMr. Crookes again takes up 
the subject in a paper " On the Movement of the Crtaes Caae of a 
Radiometer." He describes a large radiometer with ten aime, 
eight of brass and two formed of a long watchspring mi^^et.. The 
directive power of the earth prevents rotation unless a candle be 
brought near ; but if once started it continues to revolve with 
the light some distance off. It was floated in a vessel of water, 
and four candles were placed roimd it so as to set the arms is 
rotation. A mark was placed on the glass envelope to show the 
amount of this. It turned about once an hour with the vases. 
On bringing a powerful magnet near the moving arms they 
stopped, and the envelope began to revolve in the opposite 
direction to the arms, about once in two minutes. When the 
candles were removed and a magnet used to rotate the vanes, 
the case rotated in the same direction about once in three 
minutes. These experiments showed that internal friction, 
whether of point and socket or of vanes against residual air, is 
considerable. 

He concludes by specifically denying his antagonism to "soroe 
strongly urged explanations," saying that he has already stated 
that he wishes to keep free from theories. 

The April number of the " Philosophical Magazine " contains a 
further explanation of Mr. Johnstone Stoney's views as to the 
radiometer, wherein he distinguishes two stages : ( 1 ) the brief 
period of adjustment which arises when the light first falls on the 
blackened face of the disc ; and (2) the permanent state whicli 
supervenes when the period of adjiistment is over. During the 
former stage, in a partially exhausted globe, a thin layer of air 
in contact with the disc has been warmed and rarefied; another 
of varying temperature and density is in contact with the glass. 
If the exhaustion be carried farther, these two layers will become 
thicker until there is not room between the disc and the glass 
for their full development. Then arises what he terms 
"Crookes's pressure." " A procession of swift molecule at once 
commences, which is ever starting from the fruut or warmed 
Bide of the disc (the heater of the little engine) and jostling it* 
way to the opposite hemisphere of cool glass (the cooler of the 
heat-engine). Another procession is as constantly starting from 
the cool hemisphere of glass, and working its way lioth up to 
the disc and to the regions behind the disc. Any member of the 
procession that comes into contact with the front of the 
8, in rebounding, converted into a member of the swift 
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^PRKession ; and any member of the s-wi&. procession that comee 
ioto contact with the glaaa ie converted into a member of the 
slow procession. The characteristic of each proceBsion is re- 
tained over a considerable distance, althoii^rh it is gradually 
effaced ae the procession advances. If there ia room between 
the disc and the glass for the entire gradient, that is, for the 
whole thickness of those layera which I have described, then 
that part of the slow procession which reaches the disc will not 
only have lost its sluggishness, but will have attained the full 
molecular speed of the beginning of the swift procession; and 
the swift procession, where it comes into contact with the 
envelope of glass, will have become as slow as the beginning of. 
the alow procession. In such a case there will be no Crookea'itj 
pressure. If there is not room for the full gradient, each pro- 
cession will retain a portion of what characterises it when it 
reaches its destination. It would require the whole gradient to 
produce such a defect of density as would entirely compensate 
for the greater average momentimi imparted by each molecule 
that strikes the front, as compared with the momentum imparted^ 
by each molecule strildng the back of the disc." 

In a vertical disc Crookea's pressure wUl be accompanied by" 
the forces occasioned by a convection current. This will influ- 
ence the motion of the vanea in three ways — (1) It will bring a 
continuous supply of cold air to the front of the disc, which, 
being thrown off with augmented molecular motion, will cause 
ft recoil of the disc in the same direction as Crookes's pressure. 
(2) The convection current will also occasion a defect of tension 
in front of the disc, by that law of fluids in motion according 
lo which the tension decreases along a stream wherever the 
velocity increases. This will occasion a minimum of tension 
where the velocity of the convection ciurent is greatest, i.e., in 
front of the disc, and will thus give rise to a force opposed to 
Crookes's pressure. (3) Lastly, the convection current, after 
being turned downwards by the roof of the little chamber, is 
likely to become a draught blowing upon the back of the disc 
with a force also opposed to Crookes's pressure. The resultant 
of these three forces seems in all the experiments to have been 
'ipposed to Crookes's pressure. At any particular degree of 
fixhaufltion it is only the diSerence between this resultant and 
Cttjokea's pressure which becomes apparent. It is evident that 
there is a certain tension, depending in some degree upon the 
form of the instrument, in which the above excess will be at a 
maximum. 

In the " Philoeopliical Magazine " for May is a " Theory of 

the Radiometer," by Professor Challis. He commences by 

""' ting that rays of light incident on opaque substances are 

tly reflected without undergoing transmutation, and are partly 
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intiomitted. The latter part is trangmuted into rays of the 
kind which, by their dynamical action, produce heat of temr 
percUure as distinct fix)m radimU heat. This is what takes 
place on the bright side of each vane. On the blackened side 
none of the light is regularly reflected, and the whole is trans- 
muted into heat of temperature. The increase of temperature 
is therefore greater on the black than on the bright sur&oe. 
The incident light thus produces an abnormal state of the atoms 
at and near the surface of the vane, analogous to the state of 
the superficial atoms of a body electrified by friction. He 
considers that the forces may result from the dynamical action 
of setherial undulations. There will be a decrement of setherial 
density from the dark towards the bright swrbce, and the atoms, 
being immersed in this variation of density, will be urged as if 
the vane were pushed on the black surface. 

Thinking, according to this theory, that the rotation of the 
vanes might be affected by the streams of a magnet in the 
neighbourhood, Professor Cballis found on trial that such was 
the case, the rate of revolution being much reduced by the 
proximity of a magnet of considerable power. 

On June 15, 1877, Mr. Crookes again appeared before the 
Eoyal Society with a communication upon the " Influence of 
the Residual Gas." He states that he has been assisted by 
Professor Stokes. He admits that the first and most obvious 
explanation was that the repulsive force was directly due to 
radiation. Further consideration, however, showed that the 
very best vacuum which could be produced might contain 
enough matter to offer considerable resistance to motion; in- 
deed, an instniment had been exhibited in 1876 to demonstrate 
this fact, whicli bad also been proved by Dr. Schuster's experi- 
ments. 

An apparatus had recently been constructed to discriminate 
experimentally between the viscosity of residual gas, friction of 
the needle point, and the torsion of the suspending glass fibre. 
It had been shown by this means that Professor Clerk Maxwell's 
law of the independence of a gas's viscosity and its density was 
practically correct. By using this apparatus the following 
measurements had been made : — 

1. The logarithmic decrement of arc of oscillation when under 
no influence of radiation. 

2. The successive swings and final deflection when a candle 
shines on one end of the blackened bar. 

3. The appearance of an induction-spark between platinum 
wires. 

The first measures the viscosity, the second gives the force of 
the candle's radiation, the third enables an estimate of the pro- 
gress of the vacuum to be made. 
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^n appears that up to a level position of gniijj^ luid L;irnnietpr 
tlie viscosity of dry air doe*, not vtiry much. On farther ei- 
bsustion rndiation hecomes apparent., viscosity being unaltered. 
The latter then begins to diminish and the former to increase. 
At length, radiation approaches a maximum, but viscoGity 
begins to diminish rather suddenly. When this last has sunk 
to one-fourth, radiation diminishet!, rearhiug less than one-half 
of its maximum. The number of fjaaeous molecules present is 
then not practically inliuite, and the path of eacli of them is no 
longer small as compared with the globe. This point of ex- 
hauetion is &r beyond that which ia impervious to an induction 
current. 

The concluaions come to are — That the force is due only in- ' 
directly to radiation ; that the viscosity of the residual air is ' 
almost as great as at the atmospheric pressure ; that with other 
gases the results are similar in kind but different in degree ; 
and, lastly, that the repulsion is due to thermometric heat 
acting between the siirface of the moving body and the case of 
the instrument. 

It may be best to notice at this stage some foreign contribu- 
tions to the history of the radiometer. As early as September, 
1875, a paper appeared in Pt^endorfB " Annaien," by Dr. F. 
Neeaen, which advocated the influence of currents rising from 
inequalities of temperature. He used a modified form of ap- 
paratus, by which he established the fact that deflection dimi- 
niahes in proportion as vacuum is produced, and is at last 
' supplanted by the opposite deflectiou. This he attribnted to 
brat currents, and herein be was foUowed by M. Poggendorf 
biituelf in tJie subsequent November, who was of opinion that 
the motions would not take place in a perfect vacuum. The 
vhole subject was, however, still in its infancy. 

In 1 877 an excellent memoir was contributed to the " Annales 
de Chimie et de Physique " by MM, Bertin and Garbe. The 
"Titers commence with a historical simmiary of experimentt^, 
adding to them an extremely ingenious modification of the 
instronient brought before the Academie des Sciences by Mons. 
Salot. The globe in this case contains two sets of vanes, one 
ibore the other, both of them fixed. Between them is a hori- 
Jontal plate of mica turning on a point. Directly light strikes 
the apparatus, the mica disc begins to turn in the opposite di- 
rection from that which the vanes would assume if they were 
free to move. The plate of mica may be considered to repre- 
wnt a portion of the case which has become movable, and 
therefore rotates just as the whole envelope does in Mr. Schuster's 
experiments. 

A still more complete experiment, due to Signor Righi, is 

quoted from the " Scienza Applicata," Vol. I., part 2, page 8, in 

HSW 8&aiS8, VOL. U. — KO. VI. N 
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whi/:h, ;»fi<T r*j[ff:fitiui^ the flotation and suspensoiy contriTances, 
th^: ni/UoiufUr ia float>;d on water upside down, so itai icsTsnea 
r4^t hu t.h'- projf^;tJrj^ pi^rcc; intended to preTem their f&liuig <tf 
t.h<: ri'-'/lU: (loirjt. In this ca-^e they form one piece with the 
I'iwM; it^^'Jf. I'h'; htron^cht fjeam from the oxyhYdrogen lamp 
th^m 'lin:f:ti:'l ij/KiU them fail.s to produce the slightest deviation. 

I'jyiri theM/; datu a mathematical inv^tigation of the forces 
irivolv<*d in thf: rotation in entered into, in which the compazap- 
tiv'f W'ij^litK of the caM' and the vanes, previously ascertained, 
an^ rormidMcrl witli reference to the combined motion of the 
two. It wan found, that with a radiometer suiqpended in air, 
the nuP'ritH due to its heating by the ray of light interfered 
with tlif Htri(!t ratio of mobility. The instrument was there- 
fore HUHperided under the receiver of an air-pump, and the 
preMNure rc(hi(fr(| to 3 millimetres of mercury. Experiments 
made undrr theHe conditions agreed well with one another. 
TuhlcM of IhrHe are annexed. The ratio of the vanes' speed to 
(hat of the ruHe was always a little too great, as if the latter 
hiid Ihhmi Mli^htly rehirded by the torsion of the suspension and 
the reniduid air of the; receiver. 

A memoir liy Profe^Hor Challis, contributed to the April 
number of tlie ^^ IMiilosophieal Magazine," upon the cup-shaped 
radiometer of jMr. (hiKikes, with both sides bright, can only be 
iirielly mimed for lack of H|)ace. The author attributes the 
rotation to lhermo-eh*ctrio a^therial currents, and appears to 
«leny tlie preHt^nee of reHidual gas as the cause of motion. 

On Novt*mher 1(), 187(>, Mr. Crookes brought another series 
of ex|»(*riments liefore the Koyal Society, stating that he had 
NUtvtMMhMl in ex|HTimenting at stillhigher exhaustions, and with 
diderent guseH. Hy means of a McLeod gauge he had been 
able to meuHun^ the priwsun* at any desired stage. He had thus 
oNtinrnted repuUion and viseosity, plotting the observations in 
e\irvent Khowing tht» relation of the two to one another. These 
aiv given witli the (k^ht. 

Some teelmioal improvements, sucli as the use of phosphoric 
uuiivdride insttMul of monohydmted sulphiuic acid for drying 
the gaM«s enable tlie nirefaction to Ih^ pushed to a higher degree 
than lH'f\m\ In this wav« and sometimes with the assistance of 
ohemioal al^sorption, it is not diflSoult to exhaust a radiometer 
to such a (HMut that it will not move to a candle placed a few 
inohes otV; but it has not Uvn possible to stop the movement 
of X\w Ukiui in the torsion apparatus. 

The impr\wemouts addtnl by Mr. Gimingham to the mercuiy 
pump rtuidor it so i>asy to obtain high exhaustions, that in 
preparing Ruiiometerv he now exhausts to one or two wiillj^ynthfl 
of an atmv>sphoi\\ then uses a hot^r hath of 300^ C. to drive 
off occliKied ga:i^^ and then attenuated air is let in until the 
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^reafest Bensitiveneas is obtained. Rotating instruments will 
not move to moonlight. Imt a sensitive torsion balance does so. 
The writer adopts Mr. Johnstone Stoney's explanation as given 
above, which has been tested l)y rotating the same Hy in two bulbs 
of different size. An ingenious instrument has been made with 
a large and small bulb containing a single fly which can be 
balanced in either of them, its vanes being distant J inch from 
the walls of one and ^ inch from those of the other. In the 
smaller bulb the fly rotates about 50 per cent, faster than in the 
large. 

The chief novelty, however, in this paper is the influence of 
the shape of the surfaces on the rotation. If the alimiinium 
plates latterly iised as vanes were tnmed up at the comers so 
as to make the blackened surface concave, it was attracted instead 
of bein^ repelled by a candle, thoiigh still repelled by dark 
heat. Sloping the plates of a lamp-blacked mica mdiometer, 
») as to have the black outside, and more facing the side of the 
bulb, greatly increases the sensitiveness. 

Cup-shaped and conical discs materially modify the action 
and require more experimental investigation. A convex surface 
seems to cause greater pressure between itself and the bounding 
surface than one which is concave. Many illustrations of these 
tacts are given in the paper, which want of space alone forbids 
oar reproducing. 

We thus arrive at the last in the long series of Mr, Orookes's 
papers, a series which his immense energy and unparalleled 
industry render it laborious even to chronicle. This was read 
on April 26, 1877, before the Koyal Society. He therein 
describes a new form of instrument for which he suggests the 
title of Otheoscope (from ai^^w, I propel). 

In the radiometer, the surface which produces molecular dis- 
turbance is mounted on a fly, and is driven backwards by the 
acess of pressure between it and the sides of the containing 
Tessel. As a heat-engine this arrangement is imperfect. The 
heater should be stationary, and the coolfr movable. The 
driving surface should be of large size, and a good conductor of 
beftt. The blackened suriace acts as if a " molecidar wind " were 
Wowing from it, principally in a direction normal to the surface. 
This wind blows away whatever movable body happens to be in 
fr<mt of it, irrespective of colour, shape, or material ; in its 
capability of deflection from one surface to another, its arrest 
by solid bodies, and its tangential action, it behaves in most 
respects like an actual wind. 

The otheoscope, founded on these data, may be made similar 
to the radiometer, or in different forms. In the fonner case, at 
one side of the bulb is fiistened a plate of mica blackened on one 
aide, in a vertical plane. The vanes are of clear mica^ and 



180 POPOLAB SCISNCB BBTIE17. ^^H 

in rotating pa^s the plate, leaving a e<pace of abioiit aimP 
metre. Light falliDg on the clear vane produoea no motioQ, 
but if shining on the black surface the fly rotates as though a 
wind were iH^uing from this surface. In the latter case a large 
horizontal disc in made to revolve by the molecular distarfaan< 
on the surface of inclined metallic vanes, which are blackenr^ 
on both sides so as to absorb the maximum amount of radiation 
or inclined aluminium vanes are driven by molecular disturbance 
from a thick black mica disc below blowing through them. 
Both these last work on the smoke-jack principle. Six forms 
of otheoscope and thirteen new tbrms of radiometer are described 
in this paper ; all, however, vary chieHy in mechanical armngie- 
ment, but not in the fundamental principle upon which they 
are based. 

Here what may he termed the official history of the radiometer 
m^y besaid to end for the present. But of course it has formed the 
subject of many popular lectures, and of articles in eemi-ecientitio 
and literary periodicals. Of the former the most remarkable 
was a lecture given by Mr. Crixikes himaelf at the Royal [nsti- 
Btitution ; and in the latter class may be named memoirs in th* 
journal " Engineering" and in tlie " Nineteenth Century." To 
the latter paper a contribution was also sent by Dr. Carpenter, 
in which, while commenting on Mr. Crookes's views with res] 
to spiritualism, he apptsared to dt^preciate that gentleman's phi- 
losophical capacity on the ground that he had at first attributed 
the motion of the radiometer to the direct action of light. Pro- 
fessor Carey Foster commented on this article in his addresK as 
chairman of the Physical branch of the Britisli AssociatioD. 
Dr. Carpenter replied by a letter in the columns of " Nature : * 
and hence arose a long and rather acrimonious controversy, in 
which all the gentlemen hitherto named, and some others, were 
for some months engaged. It will be seen from the narrati\-e 
given above that the inventor certjiinly leaned at first to the 
Light hypothesis, which many experiments seemed to favour. 
But he certainly did not commit himself to it. Nor indeed, if 
he had done so, would it have been, as Dr. Carpenter seems to 
think, any evidence of logical imbecility and almost of mental 
obliquity. Oscillations of opinion around a new, startling, and 
unexplained fact are not strictly errors; but only provisional 
and perhaps feeble guessen, easily cleared away by a more for- 
cible generalization. There is no doubt, for instance, that 
Faraday attributed the rotation of the plane of polarized light 
rmder the influence of au eleet ro-magnet to some action of 
magnetism on light itself, and not, as has since been shown to be 
the case, on the molecular arrangement of the particles of heavy 
glass through which the beam was made to pass. But it 
occurred to anyone to suggest that he in any way sank from 
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high intellectual standard by the supposition ; still less to connect 
the undoubtedly false hypothesis with his peculiar theological 
tenets. 

Very little that was new came out of the long correspondence 
named above. The topic, already well threshed out, was 
threshed over again ; the only grain of novelty being a differ- 
ence between Professor Reynolds and Mr. Storey as to the exact 
proportion in which molecular motion and convection currents 
conduce to the ultimate result. 

Perhaps one remark may be justifiable on the subject of 
spiritualism, so quaintly superinduced on matter apparently 
irrelevant ; namely, that the candid and impartial toae through- 
out maintained by the discoverer of the radiometer leads to the 
belief that his apparent support of spiritualism is not so much 
credence, or an ' act of faith,' as a characteristic determination 
to examine any supposed fact, or series of asserted phenomena, 
^th the widest Uberality and the utmost willingness to be 
taught. To some minds it seems an anterior axiom that dis- 
crepant or unexplained observations should be tested by the 
method of strict investigatioD. Dr. Carpenter, on the other 
.hand, refers to the general common sense of mankind, and of 
scientific men in particular, as having put spiritualism out of 
the pale of belief. It has, like an Athenian of old, been ostra- 
cized by popular disapproval. It is not to be denied, however, 
•that the determination to explore, even in the face of a priori 
dmprobability, is more characteristic of the scientific temper ; 
and to attempt to coerce such exploration by appeals to the 
tonisensus omniwm banorum may perhaps be learnedly named 
an act of scientific hyper-Grundyism. 

W. H. Stonb. 
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THE SWISS LAKE-DWELLINGS.* 

rE history of the past teaches us whence our progeniton came, how thdr 
arts and customs originated, and how our lines of thought and actba 
were at first marked out feehly hy an incipient civilization, and have heea 
more deeply channelled, for the diffusion of moral integrity, good policy, tni 
personal comfort, in later ages. Without the experiences of lustray no 
nation can be well governed ; vnthout some knowledge of the past no man can 
be an eminent citizen of the state ; vnthout a respect for the material eri* 
dence of the lives and doings of foregone generations no man, no commnnityy 
is at one with all the proper feelings and duties of humanity. 

Where research among ancient parchments, papyri, coins, and other defi* 
nitely inscribed monuments ceases to aid us in deciphering the past, we well 
know that the tombs and buried homes of still earlier, but unlettered laoes^ 
yield in many places abundant material for the historian. The antiqnaiy 
searches and sifts such relics for evidences of the pre-historic peoples, their 
race-characters, their utensils and weapons, their associated animals, wild or 
tame, their usual habits of thought and occupation, and sometimes he can 
even form a notion of their objects and modes of worship. 

We lately noticed a most A'aluable repertory of facts t illustrating the 
customs and surroundings of some ancient tribes on British ground. We 
have now to draw attention to an enlarged edition of Dr. Keller's descrip* 
tions of the ancient Lake>dwellings of Switzerland and elsewhere. Of 
various ages, probably during a veiy long period of time, these timber 
structures in shallow vtrater, near to, but separated from the shore, were 
habitually made in many parts of Europe, including the British Isles ; and 
such are still constructed in South America, Central Africa, Japan, and else* 
where. Defence from enemies and wild beasts was probably the chief 
motive for thlH kind of dweUing. When burnt by invaders, or deserted under 
other circumstances, the relics of the piles and floors, of potteiy, of tools and 
ornaments, of stone and metal, and of charred wood, cordage, cereals, &c., 
are found on the sites, and made to tell the tale of the past, so far as anti«— 
quary and naturalist can interpret their meaning, uses, and associations. 




* " The Ijake-dwellings of Switzerland and other parts of Europe.* Bj 
Dr. Ferdinand Keller, &c. Translated by J. E. Lee, F.S.A., Sec Seconc 
Edition, greatly enlarged. 2 vols. Svo. pp. 726, Plates 206. London ' 
Longmans & Co. 1878. 

t Oanon Qreenweirs " Ancient British Banovre." See above, page 73. 
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^P Dr. Keller, tbe original observer and recorder of tbeae discoverieB ia the 
Swiis Lakes, has Dot cen«ed from hia well-directed Ubours, and, with hia 
fellow- fforkers at Ziiricb and elsewhere, has amassed further stores of know- 
ledge about tbe old Ijnke-dwellers. Mr, J. E. Lee has continued to gatber 
nod incorporate in hia verj useful tronsktiou of hia learned friend'e book 
mpoitaDt results of these well-suBtaioed explorations. Tbe new 
r, occupying more ihau 260 pages, and illiutTated by 100 new plates, 
a Dr. Keller's Seventh Report, with new or enlarged accounts of Morin- 
I, Liiacberz, Scbaffie, Vingelx, Auvemier, Oudretiu, Heimenlachen, Oon- 
knes, and Scbu9senried, and of the lakes Bienne, Geneva, Boldegfr, Alond, 
Uter, Ilallatatt, Neusiedler, and Paladru ; besides pUcea in Northern Italf 
id elsewhere, together with accounts of several special researches ou bones, 

jee, ic. 
Further notes oa the Irish Oranno^a, by Mr. Kinahan, and tbe Rev. E. 
mbleton's notice of a Welsh Oranuo;;;^, are added. The IHsb Hog Cabin, 
■cnl«d bj Mudge in " Archsologia," vol. xKvi., and noticed by Tjyell in 
" Antiquity of Idan," appears to belong to the same category of atmo- 
), and might have been mentioned. 

" a the English pile-atructures at I^ndon, described by General Lane 
'Fox, Mr. Lee mijfbt have added the discovery of such piles in the Norfolk 
Heres, due to Sir G. Bunbuiy, and recognized by Mr. W. M, Wylie in 
" Aicbieolof^a," vol, xxxviii., 1650, p. 1 1 (of the Memoir) ; and we may add 
it indicatioDs of pile-dwallings in Berkshire were described by a F,S.A., 
« dec«ued, before the Wiltabire Axchieological Society at Uuogerford in 

AJmoat at the time of the publication of this compendious new edition, 
Iher ground was exposed at Eatavayer and elsewhere ou the Lake of 
Keuchutel by works of drainage made in 1877, Unfortunately, though the 
Cantonal Government reserves the monopoly of search for antiquities, these 
are continually poached and carried off, without systematic observation as to 
their positiuu and character. 

We mual congratulate the veteran antiquary of Ziirich on the continua- 
tion of his praiseworthy labours, and on the extension of their re^^dts among 
this rich, well edited, and excellent tranalatioa by Mr. J. K. Lee. The 
: researches buve been carried on voluntarily and assiduously for the 
>f the community; and tbe trnnBlatiou and its enlarged edition have 
endfcntly a labour of love, and a cordial Inendly tribute to the master's. 



DEVONIAN AND OARBONIFEROUS F0S3IL3.' MM 

Q'EARLY ten years ago Dr, Bigsby issued a '* TheaauruP Siluricus," ^^ 
tabular list of described Silurian I'ossils from all parts of the world, fur- 
» very condensed form an immense amount of useful information 
a tlieir distribution in space and time. Since the publication of the 
e work its renemble author bos been almost constantly engaged in tbe 

"Tbesfturns Devonico-Onrb niferua. Tbe Faunaand Flnrs of theDevo- 
n and Garhoniferous ^riods. The Genera nud S^'cieA urriiuged in tabular 
D, showing their Ho'ixona, Recurrencea, Localities, and otlier facts." By 
Holm J. Bigsby, M.D., F.B,S., F.G.8. 4to. London : Van Voorst, 1878. 
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preparation of a sdmilar book upon the foMils of the Devonian and Oarbooi- 
ferouH periodn, which has at len^'th appeared under the title of " TbeaaoniB 
I>e vonico-Oarboui feru8.' 

The general plan that he lias followed is the same in this as in bis former 
work) but there is a little ditference in the treatment of its two aectiona. In 
treating of the Carboniferous series, its wide diatribution and great import- 
ance have led the author to beparate the registers of species from North 
America and the European area, and to indicate the countries and states in 
which they occur in a series of columns, whilst by placing the American and 
European Ibts on opposite pa^es he is enabled to present the whole informa- 
tion with respect to each ^nus and species at one view, and at the same time 
to furnish a means of contrasting the fauna and flora of the two richest and 
best worked regions. The Carboniferous fossils from localities outside the 
areas above indicated are catalogued separately in special lists. In the ease 
of the Devonian the smaller extent of the subjects permits all the informa- 
tion to be brought together in one table, and the author has not considered 
it necessary to separate the North American fossils from the rest. Some 
notion of the laboiur the author must have imdergone in the preparation of 
these elaborate tables may be formed from the fact that he enumerates in 
them, with the particulars above indicated, over 14,C00 species of fosaila. 

The book, however, contains more than this, and vindicates its title to be 
called a ** Thesaurus '* by other claims. We fiiid in it, besides discussions of 
nearly all points of intei'est that can arise from the consideration of such a 
aeries of paloBoncolo^jical tables, bibliographical lists of value, and notes on 
the recognised horisons and subdivisions of the Devonian and Carboniferous 
formations in various countries, often giving the views of difieront authors 
and always indicating the source of the information, so as to enable the 
student wishing for further information to go nt once to head-quarters. 

If, as Solomon tells us, *^ of making many books there is no end, and much 
study is a weariness of the flesh '' (and there are few naturalists of the 
present day who will not subscribe at all events to the former proposition), 
students of the Paheozoic rocks c?in hardly fail to feel under great obligations 
to Dr. Bigsby, for having taken so much of the ^' weariness " upon his own 
shoulders. Although we have no doubt that imperfections might be indi- 
cated in his present work,* and its full utility can only be realized by careful 
study of its contents, the enormous amount of information brought together 
in it renders it a perfect mine of knowledge to the pt.heontologist and 
geologist 

ANTHKOPOLOGY.t 

OF all the departments into which the great science of Biology is dividsdy 
Anthropology, if we are to judge from many of the works published 
upon it, is the one which calls for the widest range of knowledge on the 
part of its votaries. From some indications, especially German ones, the 

* We may notice that at p. 26 the Merostomata are represented as eqatra- 
lent to Articulata, instead or as a subclaw of Crustacea ; and that at p. 12-5 
the Fichtelgebirge ure inserted as it' thev ))elonged to Spain. 

t " AnthronolofO'.*' By Dr. Paul Topinard. With preface by Professor 
Paul Broca. Translated by R. T. II. Bartiev, M.D. 8vo. London : Ohapmaa 
andllall. 1878. 
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fraper motto for a tientise ou Anthropolofrj would be that prefixed by 

Southey to liis well-kDown book, "The I>i)cU>r,"— iAf omnifitui leiiti << 

^tubutdam aln», — for it would appe&r that ilie complele Hutliiopologiat liu 

Inot only to study all the morphological and physiological pheoomenn pre- 

Benled by uui and other animalB, the relations of man to the univurse, bis 

mental, moral, and social qualities as observed in the different varieties of 

mankitid, in fitct all the observable phenomena which may fairly clum the 

^J^tteation or a naturoliet, but he must also possess a considerable n»]uauitanee 

^Brith metaphysics, which lost is a bard coudition to impose upon any one. 

^^ M- Topinwl in his treatise on Anthropolopj", a tranalatioii of which b 

^nut pnbliahed by Me-wr!". Chapman and Hall in the " library of Con- 

^TBnpoiaij Science,' doe^ not make quite such heavT dewonds on tlie ia- 

tellectnal powem of his readers. Ilie book furnishes an eicellent summary 

«f the present state of Anthropology (of couriio aceordinjr to the author's 

poeonal views in all disputed points) ; and the full description of the oietbods 

«f research adopted and the kind 01 iiivestipition on which anthropoloi^icul 

remits are founded, wilt I'ender it hq admirable ^de for the student in 

ramiilttnp special works on the subject, nod u most useful handbook for 

tntrellers in distant kude. 

At the clo» of a short introductory chapter, in which the author defines 
his fcience and sketehen out the general plan of his work, he treats of the 
classification of the Mammalia, and indicatw the two points of view from 
which the position of man in the fijistem have been regarded b; different 
roologiets — namely, that according: to which be ia to take rank as a distinct 
order of Mammalia, and that which sLows bim aa merely the highest type 
order (Primates), including also the apes, monkeys, and lemurs. "The 
' m," as the author says, " resolves ilself into the following terras : — 
is the value of the characteristic poinU of difference bntweeu man 
onkeys, and especially the anthropoid ajes P Are theae differences as 
a* those which separate two families or two orders? " 
BSucceodingaectionnfthework (Parti.) is devoted to the considera^on 
« question, for the elucidation of which theauthor describes the etructare 
e human body, and especially of its more characteristic parts, nt con- 
^eraWa length, and compares its characters and surae functional and other 
fKuliorities with those presented by the animals universally admitted to 
JfpriMcb man mont nuarly in the zoological scale. The conclusion at which 
1« urivBs ia that man is anatomically more nearly related to the anthropoid 
tfn than these are to the old world monkeys, which stand immediately 
l>^lhau,and which again are, he thinks, more nearly allied to the American 
■wUaji (CeKdie) than to the ruithropoid apes. Hence " the separatiou to 
^ nads at the extreme of the series, between the inferior monkeys and man, 
*U gnlf ' be logically piaced between the BDtbropoid and the so-called 
■iiniiion monkeys. This leads us to Mr. Huxley's classification; (1) Man 
•Hd the anthropoid apes ; (2) the moukeys of the old and new continents ; 
C) leimira." But M. Topinard is not satisfied with Ppofesaor Huxley's 
'^ OS he coi\uderB that " we must necessarily draw a strong line 



' Here the trnnslnliiv seems to have fallen into error: he says " cannot be 
■^IRbUt plavd," Mhicb is opposed to the whole ar^menl. 
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of demarcation between man and the antliropoids,'' the chief leason for tfair 
being apparently the development of the brain in the former ; the old and 
new world monkeys have an equal claim to aepazationy and this leads to the- 
adoption of M. firoca's arrangement of the order Primates under five lamiliiH i 
the first of which is formed by man. 

M. Topinard next attacks a very difficult subject, namelyy the spedfte- 
unity or multiplicity of mankind. The greater portion of this section of his 
book is occupied by an excellent discussion of the physical and other- 
characteristics of the races of man and a description of the methods of 
investigation employed by various savants. In his dasaficataon of raee% 
which follow8y he to a great extent discards the divisions into three or five 
great families which have so generally been adopted, regarding it as better mi 
the present state of science to define a series of distinct types, and indicate 
their general relationships, leaving it to the future to group them, if it be 
possible, under larger categories. The difficulty of deciding whether these 
types are distinct species, equivalent to those recognized by zoologistB m 
other groups, arises, according to the author, " from the confusion created 
by intermediate t^'pes, some due to crossing, others natural, and in a state of 
transition, such as we meet with in every degree in the animal series :'* but 
if we take ^' simple general types, as the white, the yellow, and the Uack 
vrith woolly hair ; or particular ones, such as the Scandinavian, the Semite, 
the Esquimaux, the Mongol, the Kaffir, the Boejeeman, the Negrito,' tlie 
difiereuces separating them are as great as those between species of the ssme 
genus of Mammals. From this and other arguments the author condndsS' 
that •* The Hitman Family, the first of the Order of Primates, is composed 
of SPEOTiis, or fundamental human raceti.'* We cannot help regarding this 
polygenistic argument as the weakest part of M. Topioard's book. In dis- 
cussing such a question we have no right to leave out of consideration at sU 
events the ''natural intermediate types, in a state of transition'* above 
referred to ; and further, in the light of the transformist theory which IL 
Topinard seems inclined to adopt, we cannot realize the idea of '' fundamental 
human races '' possetisinsr " primordial characters.*' The last chapter of th» 
book is devoted to a consideration of the origin and genealogy of man, iH' 
which, as already hinted, the author adopts the prevalent transformist views. 

In conclusion we may compliment Dr. Bartley on the manner in which he 
has performed his task. Ilis translation reads admirably, and we have no* 
doubt is on the whole very correct, but we have detected two or three 
places whore he is evidently in error, although we have not the French original 
to refer to. One of these ban already been pointed out ; another occurs at 
p. 682, when, in a sketch of Hackel's genealogy of man, the adaptation to 
terrestrial life is said to have '' ceased " instead of " commenced " at the 
sixteenth stage. At p. 22 there is the following passage : — " The DidelpH 
one of the most correctly defined of the sub-classes, from being based en 
their habitat^ have been displaced and abolished, most of them being dasaed 
with the Edentata or the Rodents j the remainder becoming a distinct order 
under the name of Pedimanay This may not be a mistranslation, but it ii 
certainly unintelligible to a zoologist. But the funniest error of all is s^ 
p. 109, where the French word '* ddsormais " figures as the name of t^- 
author ! 



AMERICAN SURVEY PUBLICATIONS. 

THE most important work published bv the United Stutes Survey of tlie 
Territories thnt has appeared during the present quarter ie Professor 
Loo Lesquereux'a description of the " Teniarj Flora * of the Wealem Terri- 
lories.' Id this splendid volume, which is to be re^rded as the comple- 
meot to bis prerioua great work on the " Cretaceous Flora" of the saino 
Rgion, Profeeaor Lesquereui describes neariy 330 species of plants which 
bkTe been obtained from the great series of lignitiferous deposits spread 
over a vast portion of Western North America, extending certainly from 
Jfoir Mexico in the south to and beyond the northern boundary of the 
StaUs. The true poMibn of these ligcitic beds was long a aiatter of dispute, 
•eeiug that in their lowermost deposits certain fos^ animals of Cretaceous 
type had been found. From the researches of the lale Professor Meek " On 
llie Invertebrate Cretaceous and Tertiary Fossils of the Upper Missouri 
Country " (see "Pop. Sci. Rev.," N.S. Vol. I., p. 70) it seems clear that in 
thew lowest beds, immediately succeeding the series known as the Fox Hills 
IjToup, the bigheat undoubtedly Cretaceous series, we have titices of a tranu-- 
tion from Cretaceous to Tertiary conditions; but, considering the prepnndep- 
uce of the evidence from the fossil Flora, if a line is to be drawn between 
Uie two it must pass below the Ugnitic beds. It is in this sense, apparentlj^ 
tint Professor Lesquereux treats all the plants described in bia present 
nugtnficent work as of Tertiary age. 

1% nil) be unnecessary here to refer iu detail to thi- species described, most 
of which are new, although a few are identical with, and many related to 
European and Greenlandic forms. We may mention, however, that the 
Uthor noticea foor species of parasitic Fungi {Spfiaria and Sctero.'.ium), and 
ui alto discovered traces of a Lichen which he refers to the genus Oprgrapha^ 
Poor Lycopoda are described, three of which belong to Seiagiiuiln : the Ferns 
Wong to Tertiary types; and the total absence of Oldchtnia is interesting 
m connection with the qutatioo of the age of the deposits. Among the 
PluBnogams we find the usual Tertiary genera. 

Bj bis reeenrches Professor Lesquereux has determined the equivalence of 
tk different depfsits over a wide extent of country, and has also been led to 
noogniie four groups in tbe Ljgrutic formation of the Upper Missouri and 
D(dcndo regions. 

The first or lowest group, from which, probably nmog to its bdng most 
iwtod for fuel, 200 out of the 320 recorded specie have been obtained, has 
nly 16 spedea known to occur in higher Tertiary groups. Its flora includea 
>nriy all the Ferns, Palms, Figs, Cinnamons, Mai/iiotiie, and Rbanineffi of 
Ihelignitic fonnnlion. It is referred by the author to the Lower Eocene. 

The second or Evanston group, from which only 34 species of plants are 
hown, baa 30 of theiie peculiar to itwif. Its characteristic plants 



.... jort of United Stales Geological Survey of the Territories.' r . » . 
Hsi'dsij.U.S. Qeolopst-in-Oharge. Vol. \TL "Oontributions totheFosdt, 
^*T»Of iheWMternTerriloriea." Part IL "ThaTertinry Flora," - - ' 
4to, Washington : Government Printing Office. 
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Laurineffi and two Aralia; the fonner poaaeawng Miocene a ffiiri t iea; tlia 
latter having " the same degree of relation to Cretaceous lypee of Nehnaka 
as to Pliocene species of Califorpia ; ^ and its Miocene affinities are further 
witnessed by the presence of Taxodium distichum tniocenieum and of Bofmiut 
arctica. The species common to this and both the higher and lower groups 
are of Miocene type, but Professor Lesquereux says '' This small Flora seems 
to represent a peculiar stage intermediate between the first and the tidrJ 
division,^ and further ou he remarks that *' according to Professor Cope's 
statement, bones of Eocene vertebrate animals have been found in eoo- 
nectiou with it/' and seems inclined to regard it provisionally as Upper 
Eocene. 

The third group, that of Carbon, is manifestly related to the Eocene both 
of Europe and Greenland, not only by the general facies of its plants, Imt 
also by the presence of numerous species such as JPlatanu$ acerMm sad 
OuUlelmtB, Papitlm arctica^ Taxodium distichum, and species of Acer,]ktiik, 
Quercus, and Corylus. Palms are entirely wanting, not even the doubtful 
fruits {Palnuicarpon) which occur in the second group being found here. Its 
probable age is Middle Miocene. 

In the fourth, or Green-River group, we have the same predominanoe of 
unmbtakable Miocene forms, but nuuiy of its species display still more 
modem relationships, and the author regards it as Upper Miocene. Of coarse 
the whole of these geological divisions are to be regarded as provisional tnd' 
approximate only ; they are, as the author says, '' like the first outlines tnced 
for the preparation of a map : they may be erased or modified ; the spsoes 
have to be filled as our acquaintance with the Tertiary' becomes more inti- 
mate." The sequence of events indicated, as Professor Lesquereux thinks, by \ 
the result of his researches, as also his opinion upon the position in the geo* 
logical series of Lignitic beds, as a whole, may be gathered from the follow 
ing extract. He says, '' I readily admit the facts, established from suffident 
evidence, that a fossil Cretaceous fauna has left traces of its presence up to 
the very base of the Lower Lignitic measures, and that there the remains of 
a few invertebrate animals and those of one Saurian, all of Cretaceous ^rp^ 
have been found in connection with plants whose characters have been con^ 
sidered until now in Europe as representing a Tertiary Flora. Is the floi^ 
to decide the relation of age of the formation, or the Saurian bones of BladC 
Buttes, with the few shells of brackish water, either found there, or whicb> 
may be found hereafter in the same circumstances P The slow upheaval of 9^ 
new land at and from the base of the Lignitic is sufficiently evidenced. • . « 
This land, which, rising up, is cut, of course, by shallow brackish swamps o^ 
estuaries, is the beginning of a whole formation of wide surface and grea.^ 
thickness, where the plants, preserving their Tertiary characters, have consti" 
tuted the materials for the composition of the numerous coal strata, whid^ 
constitute an essential part of it. In those brackish estuaries paleontolo-' 
gists have already recognized species of positive Tertiary relation, mixa^ 
with a few remains of Cretaceous types. But these low swamps drying up* 
their Cretaceous fauna b gradually reduced in its representatives by the ic 
fluence of di^ent atmospheric circumstances, while that of younger tfp^^ 
becomes predominant. Henceforth the Cretaceous ttmrnalif expropriate 'fe*" 
deeper water may live still; their remains may even be found henafb0O^ 



with Tertiary etrota, but their preBence c*unot modify the age of the 

land formations. This admiwion would be agninst reason quite as 

Bach lu the nseerlion that wo are now still living in Cretacaoiia times, 

otuse MuraaU of Cretsceous type are dredgiid from, the depths of tbe 

tVL" 

With this extract we may concluda our nolice of Professor Lesqucreui'a 

wit, the value of which is enormously enhanced hy the beautiful plates 

«hieb illustrate it. These are 64 in number, and contain excelleut fij^ures 

B}n*cie6 referred to in the text— a condition, indeed, which is abso- 

liUeljr rasential to every desciiptiva book on fossil botany. 

Ne« to Professor liesquereui's Tertiary 8ora, the most important contri- 

itioa that we have received &om the Survey is tbe first part of the fourth 

H&aae of its Bulletio,* which contains no fewer than 14 articlep, most of 

thmn of considerable interest. The tnajoritv ore of zoological nature. Thus 

*t have an interesting account of the Inrds of the Lower Rio Qrande of 

T«w by Mr. G. B. Sennett, edited by Dr. Elliot Ooiies, devoted especially 

deKiiption of the babita and manners of the birds observed by the 

utlicir,l)ut including also many \-aiuable notes on tbeir characters by the 

If. A new species of Tit is described under the name of PanUa niffi'i- 

Coues. Another important ornithological paper is that by Mr. Ridgway 

OB tbs American Uemdiones, of which the first part here appears, contain- 

pais of the American genera of Ardeidne and Oiconiidte, with a 

•iiwirrapb of the American species of the genus Ai-dea. The American 

imiof the group IferodioDes are referred by the author to five families, the 

Cucnmudte (Boatlnlls), Ardeidee (true Herons), Oicouiidte ^titorks), Ibididsg 

(IWa). and Plataleidie (Spoonbilb). Tbe Eurypygidfe or Sun^^tterns, 

*Ucb am also on Aioerican group, are placed by some authors near the 

B^h, but Mr. Ridgway seems to think that tbey may Qevertbeless be Hero- 

allhough ho does not include them in his synopsis. Tbe monograph 

<f tb «pedBS of Ardea contains descriptions of four species, thtee exclu- 

Mj Afflericuij, and the foiulh our Common Heron, which is aaid to occur 

RCl^oBBlly in Greenland. Two new genera of herons (Dir/iromarmua and 

Vma) are projiosed. The two American Storks, according to Mr. Rid^- 

r.piBsent a rather difficult question of synonymy, which we may recom- 

)d to the attention of oui' ornithological readers; for ooe nf them the 

^ has established tbe new genus fiueniirn, characterized especially by 

fWoliaritieB of the tail, and tbe remarKahle development of tbe lower tail- 

WwrtB, 

IWi birde we may pa^ to Mauuuals, under wbich head we have a series 
^ Botes, by Dr. McChesney, on the animals of that class observed by biJU 
UFort Sisseten in Dakota, of which those relating to tbe Rodents are the 
kiot important. Dr. McCheaneTbearBtestimany to the recent disappearance 
•• tlie lai^r Mammals under the pressure of advancing civilization. The 
•■I interesting conuuunications on Mammalia, however, are two notes by 
^- Uouea, on consolidation of tbe hoofs in the Virginian deer, and on a 



"Bulletin of the United States (Jeolopcal and Geographical Survey of 
""Tmitorias." Vol. IV., No. 1. 8vo, Washington : Govermnent Print- 
»* Office. 1878. 
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breed of eolid-boofed pi^s, apparently eetabliahed in Texas. To then 
we shall refer in our " siummRr;." 

The reptiles of Ilahota and MoDl^nn fLimish the subject of ac arlide If 
Dr. Couea and Dr. 11. C. Yarrow, which includes desi-iiptions of a serosrf 
species sacb &a mahes our British Reptile Fauoa appear very inaigmfieul, 
olthuugh, aa it includes two rattleanakea, the colonists of thrae « 
Territoiiee are perhaps not much to be envied for this pre-eminence. 

The remainder of the zoological article.^ relate chieflv to insects and, indMd, 
to the single order Lepidoptera. Mr. Chambers deecribes a considenUt 
number of new species of Tineina, chieflj from Texas, althouarh a few (m 
more northern ]o«alities are intersperaed ; and follows up this paper with ■ 
classified catalogue of the plants on wfaich the»e small motlia are kooini tt 
feed in the United States and Canada, and this oitun with an index to 
described Tineina of the same countries. This last will prove a mo^I Talin 
ud lo entomolopsUi. Mr. Grote describes nunierous new species of Noetdt 
Moths, chiefly from California, and furnishes notes on some other *peCM^ 
and Mr. Scudiler has a short notice of the Ilutterfiiea collected by Vr. 
F^ward Palmer, in the »rid regions of southern Utah and Dorthem Arinii^ 
during the summer of 1677, which also includes descriptions of new f<Dttt 
Carcinologiata will he intereHted in an article by Mr. J. 8. Kingley oo tke 
North American species of the genus Mpheus, to the number of which tbt 
author adds consideiably, perhaps too Uhernlly, considering'' the amoBnlaT 
materials at his commacd. Alpheut minus and heterocAelia of Say, and four of 
the author's new species, occur on both sides of the Isthmus of Panama, and 
tbeautlior^Tesaliat of bU the specieaof Decapod Or ustacea that heknom 
of BS being reported from both coasts. There ore 20 in all. 

The reniaining articles relate to palieontolo^cal matters. In one of tbsm 
Professor Cope describes some fossil fishes from the Cretaceous and Tertiu; 
deposits west of the Misussippi ; in the other be takes up the ciidgiilE in 
defence of his order Pythonomorpha, and in opposition to the views expiMcd 
by Professor Owen as to the affinities of the Mosasauroid reptiles on which 
that order was established. 

Dr. Hayden's Preliminary Report on the Field Worlc of the Survey indtT 
bis direction in the season of 1877* is a record of persevering activity which 
promises most important and iaterestiug results. Considerable progmM wm 
made in tlie snrve* of parts of Wyomiog, Idaho, and Utah, and various 
geographical and geological details are here briefly indicated, the principal 
report being that of Mr. 0, St. John on the geology of the Teton district, 
which appeitrs tu display very interesting but rather complex characters. 
Dr. C. A. White, the palieontologist to the surrey, has made some extensive 
journeys in various direclioos for the purpose of investigating on the spot lh« 
palwonlologiCHl characters of various formations in districts which have bran 
•urvnycd, or are now in course of surveying. Besidee demonstrating the 
identity "' of the lignitic series of strata en.'^t of the Rocky Mountains in 
Oolomdo, with the Fort Union group of the Upper Missouri River, and also 



' " I*r*Umi[iary Report of the Field Work of the U.S. Geological mhI 
Ovwraphickl Survoy of the Tetritoriea for the season of 1877." gvo. 
Wwhington : Qovernment Printing Office. 1877, 



^Httilu 



191 



h tile ([KM LarEunie group of the Greeu River Basin und other portional 
of iLe regioD -west o' the Rocky MountniuB," he found "Ibtt planes of ^ 
-JjeiDnrkation between nay of tlie Meeoioic und Oenozoic ^roupe, from tha n 
DokotA to the Brid^er iiicltuive, to be either very obscure or iudeiinAble; 
«hriwiijg that whatever catastrnphal or seculiir changes took place elsewhere 
-duriug- all that time, sedinieDta'ion was probahly continuous in what is now 
that |ttrt of the continent from the earliest to the latent of the epochs just 
DBmed," a conclusion perfectly in accordance wilh that indicated ii 
□exion with Professor Lesquereux's work. We have a notice here of tJia J 
-diKovery, by Messn. Scudder and Bowditch, of Tery rich deposits of fosvlfl 
insects in the Tertiaty Basn of Florissant, Colorado, where Mr. Scudder \ 
estimates that the iiiHect-bearing shaleH, " have an extent ot least fifty times 
as great as those of the famous locality at CEoingen." Many thausand 
specimens of insecU and plants have now been received fnim Florissant, and 
4Q11TB are being sent in from another new locality in Wyoming; the whole 
will form the materials for a most iDteresting- volume of the Records of the 
Sujvey. Professor I^ieidy's inrestigatiansof the Khixopoda, and the researches 
of Sir Joseph Hooker and Professor Asa Gray on the botany of the region, 
are brieSy referred to ; as also the 'inTesligBlions that have been made fay ^ 
officers of the Survey of the singular cliff dwellings and towns of the ancient J 
inhabitants of New Mexico and Ariiona, models of the more interesting o{l 
vluch are being prepared on a considerable scale. 

We do not k-now whether we should be right in crediting the Survey with 
the production of a " Palseontotogical Bulletin,"* two numbers of which we 
have received from Professor Oope. They contain descriptions of vertebrate 
ToEJIschiedy from Secondary and Tertiary deposita of the weBlemTerritorieflp 1 
sod ate evidently advance-copies of communicadona to the American Philoa 
pbical So;-iety, issued for the purpose of securing priority, '^'ith this view 01 
number is said to be " Published December 10, 1877," and the other t 
"Printed January 13, IflrS.* It is melancholy to see the atruggle for priority 
proiuptin); good men to such futile devices; these books are not published, 
Tor the very essence of publication consists in tlie thing published bung 
procurable by any student who may hear of its existence. If our American 
friends will persist in racing each other with their descriptions, why don't J 
ibe; adopt the simple method of making the issue of their pamphlet 
publication, by simply having a bookseller's name and address on the title ^ 
i'.v'i'? If they wish to limit the circulation of iheir productions liey cmi 
- illy do so by placing a high price upon them, as Her Majesty's Geological 
j.-ity has lately done with distiuguiahed success. t The two numbers before 
h 111' Professor Cope's " Bulletin " contain papers on New Vertebrates from 



• ■' PaUeontological Bulletin," Nos. 27, 28. 8vo. 

t In saying this we do nut wish to reflect upon the officers of the Geologic^ I 
Sorvey, tiowing well that the absurd prices which have been put upon the 
*«8nt publications of that most valuable institution have been adopted at 
tite dictatiuQ of an office under whose thumb the insane method of managing 
«acb matters in England has in this respect placed the control of the Survey's 
%etiiin. It is quite natural that a Stationery Office should contain a plentiful . 
*upply of red tape, but it is rather hard that its clerk.i should be allowed J 
lo employ that commodity in choking one of our few scientific departmen' " 
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the Upper Tertiaries of the West (Mammals, Oheloniaos, and Fiahes), cm 
New Saurians from the Trias of Femisylyania, and on the Vertebimta of tfaa 
Dakota epoch of Colorado. In the first the most interesting apeciee noticed 
are PUhecuftes brevifacies, a monkey P and Tetralapkodon campettre, tbe 
latter the second North American species of its genus. The TriMiic 
Saurians include new species of Thecondotifsawiu and Pai€goiaunu tod 
Such&prum aulacodus, Cope ; and the third paper contains descriptioDa of 
Camarasaurtu supretnuSf AmpMcoBlius alius and htus (the latter two refRintod 
from No. 27 1), Symphyrophm tnusciUosus and Caulodon IqUoffonui^inih Dotioe» 
of some other species. 

WHITE'S SELBORNE.* 

T17HAT is the source of the perennial charm that seems to inyeet Oufi»< • 
VV White's " Natural History of Selhome P '* a hook which can probably 
count more editions, or rather reprints, than any other original wodc, not 
purely of literary interest, except perhaps Walton's " Complete Angler." It 
is evidently not solely for the sake of the natural history obaenrations con* 
tained in it that this hook has been the delight of old and young ever abce 
its appearance ; for, valuahle as White's observations are, the student mav 
get most of them in a more systematic form, and combined with those of 
other naturalists in the various books upon special departments of BritisU 
zoology, which have appeared of late years. We must seek elsewhere far 
the cause of the continued popularity of the " Natural Histoiy of Selhome.*' 
which it seems to us is to be found rather in the mode in which the various 
subjects treated of are presented to the reader, thnn in the intrinsic value » 
great as this may bo, of the materials of which it is composed. 

In feet, as in the case of Walton's " Angler," already referred to, although 
not to the same extent, it is the workmanship that gives much of its value to 
the author's production. Thousands have read Izaak Walton's book who 
never intended to wet a line ; and in ]ike manner, thousands have lead tb& 
"Natural History of Selhome " without feeling any particular interest in its* 
natural history, or desire Uj be converted into naturalists by its perusal. The 
source of the popularity of the book is to be found in the charming manner 
in which the author has given the results of his observations on the objects 
surrounding him, and in the genial humour which breaks oat from time to 
time and illuminates his pages. 

In thus maintaining that it is chiefly as a literary performance, as the 
work of a man of genius, that WTiite's " Selhome ** has retained its hold 
upon the British public, we would not be understood to speak slightingly of 
its merits as a natural-history book. On the contrary, so admirably careful 
was AVTiite in all his researches, so open was his mind to the reception of all 
opinions connected with his favourite studies', and so enthusiastic waa he In 
their prosecution, that even in this respect his book may be held up a? • 

♦ " The Natural History and Antiquities of Selhome, in the county oi 
Southampton." By the late Rev. Cilbert White, formerly Fellow of On^ 
College, Oxford. Edited by Thomas Bell, F.RS., F.L.S., F.G.a, Ac, Pw>- 
fesaor of Zoology in King's College, London. 2 vols. 8vo. London • ¥•» 
Yoorat 1877. 
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mode! fdi' oU field-DDturaliats, although we fear that few are cajiabla of fol- 
lowing in hie foolstepB. We have, indeed, dwelt so strongly on iha literary 
(hunts of the hook, on the g-ecius which, hj n series of letters beautiful in 
thdr Bmminit'ly unstudied simplicity, has rendered the nAuie of an ohscuie 
Himpahire village a household word wherever the Englisb language is read, 
Wuse this great element of its popularity seems generally to have escaped 
th? penetration of its numerous editors. Nearly all the leading popular 
loulogical writers of the last fifty years have tried tbeir hands upon an 
fditinn of White's "Selbomo," and most of them have overlooked the 
charKtetistic of the work to wbicb we have above alluded, and taken 
V1ui«'it tert simply as a peg aa which to hang nates embodying all they 
tiifw or could scrape together upon any subjects mentioned by him. Hence 
most of the editions ace overloaded with notes, which, whatever may be 
^^1 intrinsic value, have certainly the inconvenience of too frequently 
diTcrting the reader's attention from the text. 

lu Mr. Bell's edition, just published, this is not the case. The venerable 
i!it{ir, who has resided for many years in White's own Louse at Selbomej I 
-'1' ctidentty appretiated justly the artistic merit of the book, and aa he telli 1 
' in Mb preface bis object in the notes appended to thLi edition " has not I 
'"^D to treat at large on the general history of the various objects referred J 
. . . but, rather to render aa correct and complete as lay in hia pow« 1 
liiF text of Gilbert White, vrilh mich additions and modiiicationB as have \ 
l»«n nbserved in the district since the first publication of his work." Thus 
tin Doles, several of which are borrowed from previous edittons, are almost 
roiifelj such as serve to supplement the teit, to correct certain errors into 
vUcli ilie author had fallen, and to elucidate points which he left doubtfiil, 
fwiputicnlars recorded being in most cases founded on local obserrationi J 
wvkieh the editor's long residence on the spot has given him ahundonft'l 
■fJwtanilieB, and serving literally to complete the " Natural History of J 
Mbome." 

^^Tiite'i! original work, including both the "Natural History" and tbs I 
"Antiquities of Selbome." furnished with notes as above described, an&J 
ii'ijiimpaaied by the Naturalist's Calendar, Observations on Various Parts <^. J 
"^itiire and other documents of White's annotated by Markwick, occupy ll 
-"1 rolonie of Mr. Bell's edition. Of this we need only say that we have Hj 
■■ U'srefulreprint of the original text, accompanied, as alreadystated, by veryS 
aloahle notes selected solely as completing or emendating White's work, ■ 
IVii tiie editor has prefaced with a short memoir of Gilbert White, in which, 
li night be expected &om the even tenour of his life, the sensational element 
■ entirely vrantiDg. White lived for the greater part of his long life on the 
pnperty which be had inherited from his father at Selbome, where he was 
twentfd with officmting as the curate of a non-resident vicar, refusing 
^Wsttu offers of college-liviuga which would have drawn him away from the 
^nrict in which he delighted, and which his labours have made familiar to 
•it whole dviliwd world. 

Hr. Bell's object, however, in preparing this edition, w 
BHDniiient aa possible to the memory of the illuatiious naturalist of S 
^B»— to give the clearest possible picture of Qilbart White and Selbon 
^itti thia view he has printed in bis f«cond volume aU the extant coc 
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A f'Af 'r»*^ v-rm^ri c/"*Tr.*» '.ne of the m-'-ist ajSMirr iieais in this 
r»i»^*!l7 a iif/^r*i fmTkt or* an Account of expenses incurrted bj 
WK»*/-, f'»r ftVi'j^ two y^*rn, darinz part of whica he held the > 
Vrtff^ff in fh'^ frrii7*fr<ity offnUtTii, Mr. Beil saje of it that it has 
■fr'f^lr hirn ** tm ^txhiMtin/ in itA Mmplicitr that combuiation o: 
httitWiti'^'n tin'i fft^n^rtniH ho^tality with habitaal pradenoe, punctili 
rnAlftv, ftnt\ rtMWfhr.ti) hhUtn which WM so characteristic of the ^ 
h}N fiftAf-|}r<i. A<« an imlication of some phafles of ordinaiy college 
IhM t}rfif«f 11 H not. without mnn^ amunng interest.** The first thi 
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one on iaapectic^ it h the peculiar filling up of all three mone^r 
■dIiuods ill tverj instance ; thus Wliite writes tiiat he paid for — 

" Two Sevil-oranges 00 00 03;" 

uid on another occasion that he — 
"Gave Jennv Croke a round China-turene, 

" Being prevented paring for y* post-chaise . . . 01 03 11 " 

Certain itams will excite the envy of some people in the present day [ for 
eumple we hSiVe one day — 

"Oysters 00 00 02;" 

ud another — 

"Oysters 00 00 03rf." 

I/iTsre of ovBters would be puzzled to pet any appreciable quantity of 
Ibdr favouritti mollusc for such sums nowadays. Life in Oxford was 
praUHy very jolly in White's time, aad he seems to have gone in pretty 
(feely for the festivities of the place, the nnmerous tips to "Mrs. Oroke'a 
M»ii,''"Dr. Bristow's Man," &c., being, no doubt, so raany records of good 
diniwrs or other entertainments. A frequent item in the account is " lioat 
It Cards," but the amouDts show that the tmnibling was not carried to a 
rnumua extent, eighteenpence being, we think, the extreme amount of 
Wliites loraes on any one occaaoo. On one day we find, " l«oat at Goose, 
OU OO 06(2.," but this seem? to have been at Selbome, probably in a family 
ruty. A curious item occurs on April 20, 17C2, namely:— 



" Present to the Vice-Chan, a Loaf of Double 
KeKned Supnr "lbs. r 
With 6i» bottles of Wi 
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This appears lo have l»!en an official present on taking olHce. Another 
uanected with the same incident is " An 1001b. weight of biscuits to treat 
ttn Maalere of Art in Oriel Itftll ; " this rather dry treat was, perhaps, to be 
Doietesed with fnme of the " six doz, of mountain-wine, very old and good," 
iWt ligures in the account four days previously. Olives seem to have been 
important elements of conviviality. White bought them first of all in plates 
tiying in price from a shilling to balf-a-crown, but probably found thesa 
ntul purchases too expensive, for, subsequently, we find him getting hia 
ilites b bottles from London. The olives, apparently consumed with A 
punch, appear repeatedly in the account, generally for the ei 
•iatot* — Ihns his couaio, " Bappy laaac," figures two or three t 
nection with that beverage, as also do the Mulsos, father and son, for whose | 
icftuhment we bad five-ehillinjre' worth of punch charged. This e 
UCH gf hoapitality in behalf of these last gentlemen may have hud its origin j 
in ^'lute's affectionate remembrance of Miss Mulao, for whom he had a U 
^iK in early days. The lady, however, preferred a rival, and is well known 
i'' literatiu'e by the name of Mrs. Ghapone. Occa^onal refereucea to tavern 
^uui^n and other jollili cations of the same nature occttf, and, altogether, we 
iMv infer that the Junior Proctor in the University of Oxford, in 1752-53, 
■Hilt I tolerably merry time when his duties called him to that city- Other J 
i^uiseerre to throw more or less light upon various social mattete, « 
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ciaiW tho mode and cost of travellings the rate of wages, &c., in the middle 
v»Jf tlie last century, but for these we must refer the reader to the original 

The remainder of this volume is occupied by a " Ghirden £[alendar,'* kept 
\\\ White at Selbome, a description of a fire-escape invented about 1788 by 
A Mr. Dufour, and tried against the front of Benjamin White's house in 
Kl(H*t Street, and 9ome supplementary matter. The latter includes lists of 
tho most noteworthy animals and plants observed in Selbome and the neigh- 
bourhood, compiled, with assistance, by the editor ; a very short note on the 
geology of Sel1x)me by Mr. William Curtis ; and an appendix by Lord Sel- 
bome, on the Roman-British Antiquities of the parish, the last relating 
chiefly to a find of nearly 80,000 coins of various emperors, from GK>rdian 
the younger to Allectus (a.d. 238-296), found here in 1878. From this 
and other evidence Lord Selbome believes that in the basin of Woolmer 
Forest we have the scene of the final overthrow of the British Army under 
Allectus. 

The illustrations, wliich are not numerous, consist chiefly of steel plates of 
houses and views about Selbome, rendered interesting by being referred 
to by ^^llite. The appendix on the antiquities of Selbome is also illustrated 
with a coloured plate showing some curious mediaeval (thirteenth century) 
tiles found in Selbome Church during its restoration. 

We cannot conclude this notice, already, perhaps, rather too long, without 
congratulating Mr. Bell on the completion of what we know has been to 
him a labour of love, but, nevertheless, a labour, the last stages of which, at 
all events, must have been irks^ime enough to one who has long since passed 
the Psalmbt's allotted period of human life. That he has done Ms work 
well, and with a true appreciation of the merits of his author, we have 
already endeavoured to show, and we can only hope that he may have good 
evidence that the reading public are iutereeted in the result. 



THE POL AH IS ARCTIC EXPEDITIOX.^ 

TIIE expedition of the I'.S. ship PiJariSj which left Washington on the 
20th June, 1871. and of which this handsome volume gives the history^ 
was as successful in its early career as it proved to be unfortunate inits te^ 
mination. Its Commander, Capt, C. F. Ilall, was in every way fitted to 
undertake the charge of the expedition, having had great experience in 
Arctic travelling, and having, moreover, spent nearly eight years amongst 
the Esquimaux. Living with them in their houses, and following their 
mode of life, he had gaineii a knowKnlge of their language, and an insight 
into their customs, which could not but have proved of the greatest eervi<* 
to him in the arduous task he had set himself of planting on the Northern 
pole of our hemisphere the stars and stripes of the United States. To his 
representations to the Qo vemment, and to enthusiastic lectures in many 
parts of the States, was due the appropriation of 50,000 dollars, granted 

• " Xarrative of the North PoUr Expedition. U.S. Ship Pdiani, Caf 
^in nkftrles FranoB Hall, Conmianding. Edited by Rear-Admiial 0. H- 
^. 4to. Washington. 1876. 
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f the American Senate for furthering the progreas of Arctic esplomtinn, 
■nd for the discovery of the North Pole; and by hie energetic exertioHB, the 
PantrmMf, afterwards christened the Pdarit, was fitted and equipped for 
the TrijagB in a manner more complete than had ever before been accom- 
fUshed. Beaidea the ordinary ship's officers, the expedition took out men of 
science qualified to report upon the Natural nislory, Meteorology, and 
Geolt^ of the re^on Tisiledj and to observe such Astronomical phenomena 
«« might present themselves, the scientiiic staff heiug under the direction of 
Dr. E. Beeaels. 

Capt. IIsJ) had at 6rst contemplated proceeding by Jones* Sound, but sub- 
Mqaeatly found cause to abandon this intention, and eventually steered hii 
eouiM for Smith's Sound, which he reached on the 28th AuguKt, and which 
lis found, contrary to all previous experience, quite iree from ice. Ou the 
mat day he reached his higheat sailing point, which was afterwards deter- 
nuned by the U.S. Hydrograjihic Office to he in lat. 82° 11' N. Ilereitwaa 
tkl the troubles of the expedition fairly commenc«d, and the Polnrii, beset 
bj ite,wafl drifted towards the south until she was finally brought to anchor 
in » bay subsequently named " Thank God Harbour," in lat. 81° 38' N. 
Ftodi this place Capt Hall made what unfortunately proved to he his lost 
joutoey towaids the north. Gravelling a little beyond Cape Brevoort in about 
Uw S2nd degree of latitude, on his return from which be was attacked by 
scicnMs, wbicb terminated fatally on the 8th November, 1871, when the 
(iiuiDuid of the expedition devolved upon Oapt. Budinfiton and Or. Bessels 
'uiijaintlr. and under their charge various sledge and boat journeys con- 
'■M\ei to be made or attempted towards the north. 
With the summer of 18T2 efforts to reach a higher latitude in the Polnria 
L Vcnnnewedi and though she had received severe injury from the "nips" 
I tsvhicb ahe had benn subjected, and when sawn out of the ice leaked so 
P Udly that it was necessary to keep the pumps constantly at work, she was 
tut under way, hut failing to make progrew she returned to " Providence 
^ig' a stranded iceberg of large size, which afforded considemble protec- 
'>'« to the ship when anchored under its friendly shelter. 

\t length, further progress towards the north being deemed impossible, 
the commanders reluctantly determined to make their way south, and tinally 
Wt their h&rhouT of refuge on the 12th August, 1872, having then in the 
Iwikeie only coal suflicieut for sis days' steBiuing. Constantly encoimtering 
lime and impeneirahle pocks, the Pclaria was at last moored to a large fioe, 
*itl] which she continued to drift, and on which a store-house was erected 
ud k large quantity of provisions deposited in case of accident to the ship. 
Sefore this labour was brought to an end the high wiud-i of early spring 
>"we, which, breaking up the already weakeoed ice, forced the ship away 
fwm ihe party at work near the store-house, leaving a large part of the 
n»w and many Esquimaux afloat upon the large ftoc, or upon smaller onea 
mediate vicinity. The Potari* continued to drift, chiefly in a 
srly direction, until in the middle of 'October she was driven ashore, 
IB the party on board forsook her, and passed the winter in a but which 
IJ bmit on land ; in June of the following year they once more set out 
hith^ return journey in boats which bad been built by one of their party, 
w^ three weeks afterwards were picked up by the Rmentcraig, which car- 
rirf Uie rewued crew to .America. 

r 
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Left alone at the mercy of the winds and wavea, with boats whidi tiief 
had little or no opportunity of uang, and with a supply of pxoriaoiis so 
small and precarious as to render the utmost caie imperativey the poaitkii of 
the unfortunate party on the floe, consisting of nine of the Polaruf men, and 
ten Eequimauxy appeared almost hopeless At times remaimng stataonaiy^ 
at others moved backwards or forwards by the OTer-Tarying winds and co> 
rents, with ice on every side of them packed so closely that progress in ihs 
boats became impossible, almost without wood for fires, and presently so 
short of provisions that uncooked seal meat, with the skin and hair attaehed| 
was greedily devoured, and the men on watch were so demoraliied by wnt 
and privation that they stole from the small remaining stock of food, wMls 
their comrades endeavoured to forget in sleep the perils of their sttuatioiii 
nothing was needed to increase their despair and hopelessness, when, in the 
spring of 1873, the ice began to break up and the miserable party found 
themselves on the mere remnant of the immense floe upon which they bad 
taken refuge. For more than a month they remained in this situation, hed- 
tating whether to trust themselves to the ice-floes which were now occasion- 
ally washed by the sea waves, or to their only remaining boat, when on the 
27th April their hopes were raised by the sight of a steamer, which appeared 
to acknowledge the signals of the sufferers, but which did not in £ict peroeive 
them, and disappeared in the darkness, leaving them for two more weary 
days to the mercy of the elements, when they were observed and rescued by 
the Tigress, on the 30th April, and were carried back to civilized life. 

Being only a record of the progress of the expedition, taken from the 
various journals of the different members of the staff, there is little of a 
definitely scientific nature in this work, but the narrative is clear, and in the 
main interesting, though savouring somewhat of official red-tape. It is 
illustrated by numerous maps and engravings, the latter of which are well 
executed, and convey to the mind a most vivid realization of Arctic scenery. 
We have already had occasion to speak in high terms of the admirable man> 
ner in which works published by the American Government departments are 
got up ; and this Lb no exception to the rule : the type, printing, and paper 
are all excellent, and if the book is at times perhaps a trifle uninteresting to 
the general reader, owing to the minuteness of detail, it may on this account 
prove of all the more service to future explorers in Arctic regions, conveying^ 
a true, if not a very lively, idea of the difficulties which are met with, iik> 
language which, if it cannot be commended for absolute elegance, is, at leasts- 
free from affectation, and from the high flown or '^ slangy " style too com— ^ 
mon amongst authors on the western shores of the Atlantic. 



THE BARENTS RELICS.* 



rpiIE translation of Mr. De Jonge*s i*eport upon the relics of the Arctic 
-L Explorer, William Barents, lately recovered by Mr. Gardiner, froir^ 
Nova Zembla, with a brief explanatory preface by the translator, Mr. Vac^ 
Cnmpen, has produced a little volume of considerable interest, not only \C^ 

• "The Barents Relics: recovered in the Summer of 1876, by W. 0. I#-^ 
Gardiner. Described and explained by J. K. J. De Jonge.*' Translated, witl:^ 
a Prefacei by S. R. Van Oampen. 8vo. Triibner & Oo., London, 1877. 



KEVTEWS. 



gvofrmphical, but. perhnpE more psrticulajly, to bi^toricftl studeuta. Mr. Vl 

dampen ^ves a sbort account of the expedition of Barents and ITeeiii»kerc][, 

wliich !et out from Amsterdam as ear!; bb tile yefa 1503, bftviug foe ita 

obJeM the discoTery of a Dortliem route to Ohina, but which was forced, by 

ttir^s of weather, to fix its nioter quarters on the inhospitable ahotes of Nova 

&mhla, where a hut wbs ereuted, from wliich, after a lapse of almost tlirae 

Miiturieo. many intereatiDsr remains have been recovered, and brought back 

lo the fatherland of the adTenturous Holknders. Amon^t tbesa relics is a 

"(croU " signed by Barents and Heemskerck, ^nving- a brief account of the 

objects of their voyape. nnd raUtinp the hardships to which they had been 

rabjectedi and the dilapidated remains of eeyetal books, both printed and 

in manuscript, froin which, however, little further information of the tra- 

ToUers can be gleaned. The printed books, whieh are for the most part 

tollections of songH nt a raligiouiS aud seiilimentat character, are nevertheless 

ofrnteiTVit as indicating the meAns by which, no doubt, the hardy Dutchmen 

Irifd to while away the tedium of their long imprisoninent. Besides thafle, 

thirv are many domestic ulensila, and a " package of tallow candles, eighteen 

in number, consisting of nine to the pound ; undoubtedly the oldest candles 

hi the world- — still they are able to give Ii);ht.'' 

One result of the observalioos of Mr. Gardiner, or rather of his pradeceesor 
iniiwoTBty, Captain Carlsen, has been very considerebly to altar the geogra- 
phical position of the north-east point of the island of Nora Zemblo, which 
^vu found "to extend upward between &f 31' and 69° E. long., instead of 
^ in 76°, as was laid down in the latest charts." A map showing tbia 
B, and also a fac-aimile of the " scroll"" above referred to, are inserted 
ktlwbook. 
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SCIENCE AND THE ST.YTE.* 

|0UE weeks ago a SHriea of extracts from a discourse delivered at Munich, 
by Professor Virchow, was published in the "Times," and attracted a 
A deal of attention. Mr. Murray has [iow published a tianslalion of the 
« discouTse, which we cannot but regard at a most imporiaut and 
B expression of opinion on the part of one of the greatest of Ger- 

» discourse has been regarded by many ai^ a knock-down blow to the 

i of erolution. It is, however, nothing of the kind; indeed it can 

td!y be siaid to be written in opposition to that doctrine, the admissibility 

of which, in some particulars, would Feem to be accepted by Professor 

Virchow. We mayrefermore particularly to the reference at page 82 to the 

Wcunwice in North America of the " fossil ancestore of our horses, in re^ons 

E*hm the horse itself has long unce entirely disappeared ; " and in other 

Ba tie probability of the origin of organic fonns by a process of evolu- 

ii distiactly admitted. 

Aftofessor Virrhow set himself to do in this diwourso was simply to 

eat against the doctrine of evolution (die Df^cmdeiol/ifmit), 

i founded upon a secure basiB. He tonsiders it to be still 
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in the positioD of a hypothesis wanting proof, and objects str''»ngly to it 
acceptance as an established theory, and especially to the consequences whicl 
have been drawn from it as such by the monistic philosophers of Germany 
consequences which, as we all know, tend completely to revolutionize all ou 
ideas and practically amount to the establishment of a new religion and 
new philosophy. His protest, in fact, which was called forth by discourse 
delivered on previous days by Professors Hackel and Nageli, and by Bi 
Klebs, is, as he himself tells us, a " protest against the attempts that at 
made to proclaim the problems of research as actual facts, the ojnnions c 
scientists as established science, and thereby to set in a false light, before th 
eyes of the less informed masses, not merely the methods of science, but als 
its whole position in regard to the intellectual li^e of men and nations. 
Such a course, especially if the doctrine be expanded to the extent advocate( 
by Professor Hackel and others, would, he holds, endanger that freedom o 
scientific opinion of which Professor Hackels own discourse furnished a mos 
striking example ; and he considers that the teaching of such opinions in th 
schools as established truths, which was advocated by Professor Hackel, i 
very much to be deprecated. 

We must confers tliat we perfectly agree with Professor Virchow in hi 
general argument, and more or less in the opinions which he expresses upo 
the subject of evolution, which he regards as still an open question, but uo 
doubtedly as possessing strong primd facie claims to acceptance. In these da} 
we have got beyond the old scholastic reasoning, according to which a phil( 
sopher established his own theory by the mere fact of demolishing h 
opponent's, and we can admit that a cause may have right on its si^ 
although its champion has weak places in his armour which he is not sufl 
ciently skilful of fence to defend from the blows of his adversary. Professi 
Virchow endeavours rather to indicate some of these weak points than 1 
invalidate the doctrine of evolution ; but at the same time he objects strong! 
in the interests of science and not of theology, to the extreme dogmAtisi 
displayed by some of the most advanced evolutionists, who would have i 
believe that the origin, not only of organic forms but of the universe itse! 
has been fully explained. The translation appears to be remarkably w( 
done. 

THE VERTEBRATES OF AMERICA.* 

WE have received from Professor Marsh a copy of a discourse on tl 
Introduction and Succession of Vertebrate life in America, delivers 
by him before the American Association for the Advancement of Science, 
August last. It is manifestly impossible within the compass of a sin^ 
lectiire to discuss in anything like detail a subject so vast, but Profess 
Marsh has succeeded in sketching out, in a most interesting fashion, t 
leading events in the history of the vertebrate type in America, where, as 
well known, some sections, especially, of that sub-kingdom, are represented 
an astonishing abundance and vaiiety of remains. Professor Marsh definite 
accepts the theory of evolution, and endeavours, where possible, to indicfl 
the probable lines of descent of the great groups of vertebrates. 

* '^ Introduction and Succession of Vertebrate life in America." £ 
Professor O. 0. Marsh. 8vo., 1877. 
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ANTHROPOLOOT. 



SMl-Moun<U in Japtm. — Profeseor E. S. Morae bae communicate 
Boiion Sodety of Nntural Hintor; on account of &n ancient ebell-mound 
dwiTered by him at Oioori, Dear Tokio, Id Japan. In general the depoait 
ft*TOhlod thoae described by StMoatrup, in Denmark. The implement* 
toaai la it were mostly of bom ; only three rude atone implements were 
(UMoiered. The pottery Bbowed a remarkable Tariely of ontameDtalion, 
Ihiiugh it was very rude in character. In the incised character of the niark- 
inp it recalls the pottery of the east coast of the United States; whilat in 
llwndscd knobs for haadles, on the edge of the vessels, it diows the cloaest 
rtaemblance to pottery diacorered by Professor Ilartt, in Braul. Professor 
Mtuw was nncertwn whether these are traces of early Ainos, or of a race 
'Hch preceded the Aiuoa and was displaced by them daring their occupation 
"f tbe island from the north. — smimari'i Joumai, February, 1878. 

The Language of Deaf Mutei. — At the meetin|i^ of the Anthropolo^cal 
liniitiile on March 12, Professor A. Oraham Bell rend a paper " On th» 
^Wiral l«ngnag« of the Deaf and Dumb." He r^arded dumbness as, in 
mint instances, a consequence of deafness, ari^in^ not from any defect in the 
i<nl organs, but hum an inability to acquire arti<'ulate language due to tha 
nit of the means of imitating it. He said that the do^nna " without speech, 
no teuQn" wns well founded, for deaf-mute children think in pictures, from 
"hich they form a language of signs, which, ns contractions of it become 
'ijiliTrtood, develops into a conventional langUBge, but this is always veiy 
"latud. So deaf-mute lias been found who had formed the idea of t 
'it^i«nie Being. About the commencement of the present century the Al>M 
d(' I'Epdv est&blished an institution for the education of deaf-mutes, and the 
Inidency of the instructions there given was to render the language more 
•Bdmore conrentional by means of contisctiona, The result of systematic 
«Juc»iiao has btjen to enable the deaf-mutes to form a community among 
SitrMetveB, employing a real language capable of representing abstract ideas 
U *<>11 as objects, and even possessinfr peculi( 
BDpls, the objective case is placed firat, tlius : 
■■iei." This is a ditficulty, and perhaps due 
IW it rumishes an interesting subject for anthropological inquiry 
•Mlogj with the development of spoken language. The North American 
I»diiine have a nga lanjrnsge, but less developed than that of the dsaf- 
ffi"t(s, Th(. huiguuiie t)f the deaf-mutes is beginning to split into dialects. 



idioms of its own — for ex- J 
le boots made the boot-'^ 
mistake in the education, 
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ASTRONOMY. 

Transit of Venus in 1874. — ^As we anticipated, Mr. Stone, Astronomer 
Royal at the Cape, does not accept the result deduced from the obserrationa 
of the last transit by the Astronomer Royal for England. He has, in ftct, 
obtained from the same series of observations, dealt with in a different 
manner — that is, interpreted differently — a solar parallax of about 8^^*89, 
corresponding to a mean distance somewhat less than 92 million mikB, or 
less than the result obtained by Sir G. Airy by nearly 1^ million miles. At 
a recent meeting of the Astronomical Society it was stated that Oapt. 
Tupman had obtained precisely the same result as Mr. Stone by a particular 
interpretation of the observations made in December 1874. It is not, how« 
ever, to be inferred that on this account Oapt. Tupman either accepts B£r. 
Stone's estimate, or entertains any doubt as to the validity of the result 
obtained, nominally by Sir Q. Airy, but in reality by himself, from the British 
transit operations of 1874. On the contrary, Oapt. Tupman*8 announoement 
WHS intended as a jocular way of intimating how little reliance could be- 
placed on Mr. Stone's estimate. But certainly the joke was one which tdd 
in two ways ; and in the minds of those who are not prejudiced in finvonr 
either of Mr. Stone's views or Sir G. Airy's, will be held to show thai 
almost any value between the limits of about 91 ^ million and about 94^ 
million miles can be obtained from the observations, according to the manner 
in which they are interpreted. 

Distribution of the Fixed Stars in Space, — Mr. Sidney Waters has coin 
tributed a valuable chart to the proceedings of the Astronomical Society, 
representing the results of Sir J. Herschers star gauges of the Southern 
Heavens, given in his Gape of Good Hope observations. The chart is on the 
equal-surface projection. The map was divided into 20 minutes in R.A.y 
and 3° in P.D. ; and the results of the gauges figured in their proper places; 
the areas of the spaces were calculated, and the average of the gauges falling 
on each space multiplied by its area, the result being dotted as nearly a» 
possible equably over the space. Nearly all the spaces were covered in this 
way ; but in those cases where no gauges fell the average of the surrounding' 
spaces was taken. The number of stars marked in the map is very small 
compared with the number actually existing, but the chart represents with 
sufficient accuracy the distribution of stars over the Southern Heavens down 
to the faintest stars visible in Sir John HerscheFs ISf-inch- reflector. The 
stars visible to the naked eye were afterwards added. '' The teaching of the 
chart," says Mr. Waters, "does not confirm the results of Mr. Stone's investi- 
gations, published in the ' Monthly Notices ' of last March. The great massing 
of stars in parts of the Milky Way, its complicated form, and the sudden 
decrease of stars at its borders, are facts not consistent with the view that 
we are merely looking through an immense depth of stars, or that diBtanos 
is the principal reason of their faintness. It is not denied that brightness is 
an important factor in the determination of stellar distances ; but the point 
contended for is that it is not a sufficient basis upon which to found any 
theory of the construction of the heavens. The fainter stars increase at a 
^<^r greater rate than would be the case if Mr. Stone's view were cozrect; 
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i the theory lliat the Btare are distributed with any uniformity, either 
ir dimenaiouB, is not ia ftccordftnce with the teaching of that chart 
now beg to lay before the Society." The reaulta obtained by Mr. 
n fact, confirm very effeclively the yiews indicated by Mi. Proctor, 
f the WAV, we hare been asked whether at p. 98 of our Inst number, 
ct date« are nsaignod to Mi, Proctor's papers on stellar distribution, aa, 
% kt cannot hare borrowed fiom M. Fiammarion. " It will go nea 
honghl so, ehortly." The dates are correct. 

"T .irranffentnit of the Solar GranuUt. — The splendid solar photo- 
bs Ulten bj Dr. Jansaen at Meudos show among other interesting fear- 
a tendency of the solar gramileg to arrange themselTes in a spiral form, 
IBpaiued by more or laa» loss of dietinctnesa of outline of the individual 
a appearance suggesting great cyclonic disturbance of the part of 
■lolu atmosphere in which these bodies lie. Mr, Huggins puts on record 
■ilar appearancs observed by him telescopically in 1866. His notea. 
It at the time, run thus : " Saw distinctly the granules. A spiral band 
wly a«soci,ited granules, end'ng in one of larger aiie. In one area near 
■B of the sun's disc tbe granules appeared more elongated thsn usual, 
It sparsely scattered, and tbe larger diameters very nearly in the same 
aeighbouring areas the gronulrs were smaller and leas etoD- 
Amongst these no general direction was observed," 
klk BngA( Liae Spectra <■/ Irreaoliiible Star ClMtert.—Mi: St.ma giTo* 
aoation of his remarkable paper on this subject (recently communicated 
e Royal Sodety), from which it appears that Professor Stokes and 
I. Hoggins and Proctor altogether misapprehended the purport of Mr. 
iV communication. His earlier statement ran thus: "Tbe sun is known 
"i^e lUTTJunded by a gaseous envelope of very conBiderable extent Similar 
' icl'ipes must surround tbe stars generally. Conceive a close stellar cluster. 
I nil star, if isolated, would be surrounded by its own gaseoua envelope. 
Tiiese gaseous envelopes might, in the case of a cluster, form over the whole 
'>' t part of the cluster a continuous mass of gas. So long as such a cluster 
^t within a certain distance from us, the light from the stellar masses 
*(Hlld predominate over that of the gaseous envelopts. The spectrum 
'Wld, therefore, be an ordinary steilsr spectrum. Suppose such a cluster 
<" b« lemoved ftirther and further from us. The light from each star would 
U diminished in the proportion of the inverse square of the distance ; but 
W4 would not be the case with the light from the enveloping aur&ce 
nraed by the gaspous envelopes." And so forth. It was mistakenly aup- 
|<*d by tbe trio above named that Mr. Stone was here referring to effects 
indoeed by varieties of distance ; but it appears be was considering really 
^ s^cta of the physical aggregation of such clusters, " The flusters which 
liid under contemplation were phjsical clnslers, and this isolation of the 
gMsouB BBTTOundings would be, under suitable conditions, destroved by the 
ftWre gravitation and heating effecta of the several members of the system. 
u 11 to such a cluster only that my reasoning applies ; and I think such will 
• wen to be the case if my paper is carefully read," — " between the lines," 
^■hauld have added. We would not for a moment question Mr. Stonrfa 
■Unient that His meaning was that which he now indicates. There can be 
It TWlirg more discourteous and there are few things more unjust thai 
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question the eipUnation which s writer otfers of hie own words. But il 
must, we think, he conceded that Professor Stokes nnd Meagis. Huggiaa m 
Proctor had sime reason for understandiog Mr. Stone's paper m tbej Hid 
and tliat iimong' the many excellent scieotilic qualities possessed bj (kl 
Astroaomer lloyal at the Oape, the power of clearly and unmistaluUj indi 
Cftting his meaning must not be included. 

^tecular Refiesion frotii feniu.— Mr. Christie, nflBiBtant obaerver at Green- 
wich, continues to aurprise students of science bj the support which he ^vea 
to certain utterlj preposterous notions respecting the celestial planets, whi^ 
have been advanced of late hy an admiriihle landscape painter, who s 
Tory little acquainted with astronomical and optical Inws. Ha now advocatet 
the theory that Venus has a surface not merely possessing the power oT 
leflectbg light specularly, but also having metallic brightness and hftrdnvaft 
Although this theory is one of those which not only cannot be accepted but 
cannot seriously be attacked (standing somewhat on the footing of the older 
absurdity that the moon is made of green cheese, a theory never yet oppugned 
to the best of our belief), yet it seema to us that the nbsorvation on ' 
the absurdity has been based is worthy of attentive conbideistion. It is tiiii, 
that the brightest point of the disc of Venus, when the disc of the pltDst ii 
gibbous (and recentty the same has been found to be the case when the din; 
is crescent-ahaped) lies within the limb, iu about the position where Mt 
image of the sun could be seen if Venus had a metallic (and properly 
polished) surfoce. These observations have been conUruied (aud some d 
them originally made) at Greenwich by Messrs. Ohristie and Maunder 
by Captain Tupman. Thus on Januarj- 11 and 10, 1878, " 1 had," eajs Mr. 
Ohristie, " an opportunity of examining Venus in the daytime, and 1 mt 
fortunate in securing Captain Tupman's co-operation on these occasions, 
•een with an ordinary eyepiece (power 600), Venus appeared as a creswnl 
having a breadth equal to about two-thirda of the radius, with a bright we 
near the limb. This arc shaded off perceptibly towards the cusps. On appl^ 
ing the solar eyepiece, which reduces the light (hy virtue of the tl 
reflexions from the glass) to one 8000th part, both Captain Tupman and I 
satisfied ourselves that there was a bright elongated patcb distinctly mthia 
the Umb. In the centre of this I caught glimpses of a small point of Uj^t, 
the distance of which from the apparent limb I estimated as rather m 
than 0-1 of the radius. The position of the point at which specular reflMi* 
■would take place I afterwards found by calculation to be 0-18 of the ladiia 
within the limb." Captain Noble had in June, 1876, under similar oonditio 
of illumination, fiiited to detect any gradatiou of light whatever towaid* ik 
limb. He recognized a palcli of senaihle area "without the slighteat ■£% 
trace, or indication " (we are not sure what distinction is intended to ^' 
drawn here between signs, traces, and indications) " of one part being in '^ 
smallest degree brighter than another." Mr. Ohristie considers that W 
Oaptnin Noble looked more closely, be would perhaps have detected in tba 
middle of tbe bright patch a small bright point as Mr. Ohrisde did. Be thii 
U it may. what Captain Noble saw, while certainly inconstant with tht 
theory that Venus has a simply rough sur&ce or iTxat surface wilboat iV 
■peeular reflexion whatever, and equally inconustent with the theory tk>t 
Venus has a purely specularly reflective surface, in which cue wa «' 
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latm Venus at oU, but only the mutf^ of the aim in the Venerian mirror 
-^ oertoinlj is not correctly described by Mr. CbriBtie as incompatible 
»ilh uy theory wbnteref. For, if the part of Veniis turneii earthwards at 
tbetfane wera covered with a great ocean, not so much rippled that the sax- 
fctslort its power of ipecular reflection, while nil the reflected imafres of 
&B HiQ were diatorled and acattered as we tee thetu when the aim ia shiDiDg' 
ubwsrt a rippled sea, an area of seiidbly uniforoi illuminatioQ would b« 
[tneDted witliin the illuminated crescent of the planet's diae. A small 
fmiou near the middle of this area would be tuore brightly Uluniinated than 
tie rest however, and if tliis were seen it would present the appearance of a 
pant of Mght such as was seen by Mr. Ohristie. Certainly in the pi'esent 
Bmditioii of our knowledge re-^pecting Vecua, which assures us that she has 
n Ktmosphere like that of the earib, and at times very heavily laden with 
tis Tipour of water, the idea of a wide expanse of ocean surface, capable of 
^Kulariy reflecting the sun's rays, and even " in suasons of calm weather " 
of oaking a nearly perfect, though at our distance an undiscemiblei imag« of 
ttenm (mirrored on that calm Venerian ocean), suvms not only admissible, 
tnt iltogetber probable. The metallic surface, with its vitreous atmosphere, 
wuiibos been called "the glorified tbenuometer-bulb theory,* outrages 
Kmittinn sense. Yet we find Mr. Christie, a mathematician of no mean skill, 
■nd t8 a pracUcal observer free one would suppose from those tendenoies 
*lucb oSect the mrreli/ mathemalica] mind, calmly presenting the fact that 
llo poeitiou of the plane of polarization in the eyepiece relatively to the line 
ot ciupB appeared to have no appreciable eflect on the gradation of light, 
"wnold be conast^nt with the theory of reflexion fiom a metallic surface." 
It itDuId be consbitent also with the theory that the spirit of the late Lord 
iiiv* has during the last few years superintended the envelopment of the 
'-'.hte of Venus with a coaling of speculum metal, alloyed in proportions 
insponding to those used for the Parsonstown telescope; and it would be 
•• wdl worth while to oppugn one theory as the other in any serious 
■auoer. 

Udeoric Radiant Pinn/*.— Scarcely less absurd iu its theoretical aspect, 
Ut equally useful as presenting observational facts of interest, is Mr, 
^'.F.Denning's paper on the suspected repetition of outbursts Irom Radiant 
Pnits, and on the long duration of meteor showers. Noting that meteors 
•Mm to radiate for three or four months from the same mdiant points, Mr. 
Gnniag, who has collected a considerable number of independent observu- 
'im» bearing on this point, raentionB it as suggesting reasons for believing 
lUt the same meteoric systems really are traversed by the earth during these 
lung periods of lime. He says at the outset of bia paper, that, '' in the 
. i' -HDt very imperfect state of our knowledge it would be wrong to hastily 
'l>'aia any observed facts, however improbable and incomprehensible they 
i.i at first sight appear." Condemning observed facts ia certainly not a 
j.tjjitrcouiBe for the true student of science; nor would it avail much, fecta 
iitTing a oirtain obstinate persistence, despite any amount of condemnatiou. 
There is, however, no easier way of bringing facta into question than basing 
utterly absurd and untenable propositions upon tbem, Tliis is what Mr. 
Oumiiig has done in the present instance. It ia in the first place absolutely 
■iposnble that meteor systems should have the extenaon demanded for tbem 
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by Mr. Denning ; and in the second place if they had, it is certain that the 
oheerved effects would not be those on which Mr. Denning haaes his theoiy. 
If the radiant of a meteor system in January, for instance, is precisely the 
same as the radiant of a meteor system in April, then it is certain that the 
first meteor system and the second meteor system are altogether distinct 
from each other. For the direction of the earth's motion, on which of necee* 
eity the position of a radiant depends lai^ly, has changed in the interval 
through one quadrant, that is to say, the earth in April is travelling at rig^t 
angles to the direction she had in January — the same being true of any 
two periods in the year separated by three months. Oapt Tupman, who 
very promptly indicated, at the meeting where Mr. Denning'a paper was 
read, the utter incompatibility of Mr. Denning's theory, either witii possi* 
bilities or with the facts on which Mr. Denning attempted to base it, has 
supplied some " remarks on Mr. Denning's paper," which immediately follow 
it (we are glad to see) in the " Monthly Notices," and in some degree save 
the Hoyal Astronomical Society from the discredit which papers presentiiig 
untenable and unscientific theories tend to bring upon it. 

Transit of Mercury, — A transit of Mercury occurs on May 6. For centra 
of earth the times of contact are as follows — 

Mean time at Oreeniricfa. 
h. m. 1. 

External impact at ingress . . May 6 3 12 25 

Internal „ ;» • 

Least distance of centres, 3' 47'''4 

Internal impact at egress 

External „ „ . . 

Angle from North Pole for direct image — 

Contact at ingress 45° towards E. 

„ „ egress lOO** „ W. 

As the sun sets at 7h. 28m., little more than the first half of the traoat 
will be visible in this countT}\ 

Other Phenomena for the Quarter. — Venus will be at her greatest westeilj 
elongation at a.m., May 2 ; Mercury at his greatest westerly elongation at 
7 r.M., June 2. None of the superior planets come into opposition dariog 
the quarter. 



OIIExMISTRY. 

The IlydroiutrlHms formed by the Action of Acids on SpiegeUisen, — Gloei 
lias examitiiMi i\u\ products roMulting from the action of dilute hydrochloric 
acid (Hpf'c. ^avity •• 1*12; on soft cast>-iron containing 0*04 per cent, chemi- 
cally ronibini^d carbon, and about 0'06 per cent, manganese. As some of 
the hydnjcnrlMins tMiter into combination with this acid, sulphuric acid 
dilut(Ni with five times itn weight of water was subsequently used. In one 
experiment 200 kilog. of iron were treated with acid, and this quantity 
yielded 1 '04 gramme of oily hydrocarbons condensed in the first washin^ 
bottle; 2*274 grammes of brominated hydrocarbons of the ethylene aerieif 
8*532 grammes of hydrocarbons of the marsh gas series separated by meaoi 
of iminiiiiric acid ; 4*38 grammes of solid reddue ; and 5*408 grammes oC 



3 15 32 

7 4 

10 44 34 

10 47 43 



^BBy products, n 
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products, removed from tiiia insoluble porliou hy alcoliol, and suLae- 
quentlj precipitated by tiio addition of water. The hydrocorboDs of the 
muab g«a series retained by the aulphurit acid were removed by decanta- 
tion, washed with water, and dried with fused potash, and,aubaequentlj', 
with sodium. ^\1Ien submitted to fractional distilliition it was found that liio 
fim portion passed over at 165° 0, than the temperature soon rose to 160^, 
Nmuninji' at that ptnnt for some time. The portions which distilled between 
16Cf and 170°, between 175° and 190°, and durinfr sucMsave intervals of 20° 
np w SOCP were collected separately. These quantities were further purified 
hr Mibseqnent distillation and erentuslly seven products were obtained, each 
01 which appeared to have a nearly constant boiling point. These are all 
ntntftocei which are known and appear to be identical with bodies which 
hive been isolated by Pelouze and Cabnurs from petroleiun. They form the 
Ugbart known members of the marsh gas aeries, which are characterized by 
their insolubility in fuming sulphuric acid, and by their behaviour with chlo- 
rine and bramioe. The first distillate is drkane, C,, Il,„ probably identical 
•rilhdianiyl; it boils between 155° and 160°. has a vapour density = 6'132 
(wfeulsted - 6001), and a specific grarity - 070 at 15° ; bromine water is 
wilhinit action on this eubslance ; bromine, on the otiier hand, attacks it 
Hfotously, a» also does chlorine, forming subatitution products. The next 
lodf, undekant, C„ n,^. boils at 178°-180°; it is a colourless very moWla 
tipud having a vapour density ■• 6'521 and a specific gravity = 0760 ; sul- 
[iiiric add does not act upon it; with bnsmine and chlorine, however, it forms 
wWlitatioii products. The next four are : duodekane, 0„ Hj,, which boils 
« IBS'-lOi?', lias a specific gravity - 07S3, and is acted upon by bromine 
uJ dilorioe; tridefcane, 0,, H^, boiling at 215°-y20°, having a specific 
psrity = 0-793 ; tetradefcane, Oj, H„, with a bailing point of 234° to 238% 
•ni a specific gravity - 0-812 ; and pentadekane, 0^ H,j, which boils at 
2^ and has a densi^ - 0-83. The last distillate is hexadekane, 0,, 11,,, 
h .lling at 27ff'-'280° ; ila specific gravity is 0'86. This body is attacked by 
'.aiiiig nitric add, but no crystalline product was obtained. Many of the 
I linxsrbons, then, which are formed by the action of dilute acid on cast iron 
'•'r identical with natuial products cont^iied in the complex material which 
**«U petroleum (CompC. rend., Uxxv. 1003). We aro reminded here of 
MsodelejefTs views respecting the origin of mineral oils communicated last 
yeu to the Russian Chemical Society (see note in the "Pop, Bci. Rfv.," 
Jalj 1877, p. 317), and of the occurrence at OvifaV, Disk.) Island, Groenlaod, 
ot Tiflt metallic massee, possibly meteoric, possibly erupted, which contain 
■ouch carbide of iron. 

hrtuiphtiric Acid. — Berthelot has prepared a new acid of sulphur {avide 
r-'viip^ariqiie), corresponding in composition with perchloric and perman- 
-■iiir add, by the discharge of electricity of high tension, though a perfectly 
rdxture of equal volumes of sulphurous add and oxygen ; sulphuric add 
neither with oxygen nor with oinae under similar conditions. The 
lyns of concentrated sulphuric acid also yields the new acid in a slate 
rer, be prepared in a slate of solution by cautious^ 
4 solution of hydrogen peroxide with sulphuric acid, concentrated at i 
iRth not more than one equivalent of water ; when two eqmvalenti. J 
it no reaction tAkes place. In the last-mentioned caM the 
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appears never to be complete, a portion of the hydrogen peroxide always n 
maining unchanged. Anhydrous persulphuric add is most readily prepaid 
by allowing the discharge to take place for eight or ten hours through tin 
tubes constructed for such operations, by which time their interior is found to In 
covered with drops of a viscous liquid : at 0^ it becomes solid and is crystal- 
line ; in places it has a granular structure ; in others thin transparent ciyslali 
are seen traversing the length of the tubes ; brilliant scales are also obseiTed 
attached to the glass. The acid resembles anhydrous sulphuric add ; the 
latter substance, however, forms opaque crystals which are shorter, much 
finer and narrower than them. At 10^ persulphuric add has a vapour ten- 
sion of several centimetres, and subUmes spontaneously from one part to 
another of the tube in which it ia confined. Its compodtion was determioed 
both by synthesis and analysis. After the two gases had entered into reaction 
the residue was removed from the tube by means of the Sprengel pump sod 
measured : if the change takes place in accordance with the following eqatr 
tion the reddue should be one-eighth of the gas consumed : — 

S3 0^ + O^ « Sj O7 + O 

4 vols. 4 vols. 1 vol. 

In two experiments the numbers 8*2 and 7*9 were arrived at in place of tb» 
ratio 8*1. Four volumes of sulphurous acid and three of oxygen, therefore, 
appear to combine to form persulphuric acid : — 

The acid was analysed by several methods : by using a standard solution of 
tin chloride, estimating the change by means of potasdum permanganate, and 
subsequently determining the sulphuric acid as barium sulphate ; again, Vf 
employing a standard solution of ferrous sulphate, and afterwards observing 
the amount of a standard solution of permanganate required to complete ^ 
oxidation ; also by the use of potassium iodide and hyposulphite, as well as 
by the employment of sulphurous acid and potasdum iodide. Each method 
gave numbers which indicated the formula S, O, as that of the new add. 
At (y*, or at temperatures below zero, the acid may be preserved for boob 
days ; it is not a stable compound, however, and after the lapse of 14 days 
it commences to spontaneously decompose ; the aqueous solution very rapidly 
undergoes change ; when it is dissolved in concentrated sulphuric add the 
decomposition is retarded ; in this case also oxygen is slowly evolved, and at 
the end of six weeks the acid is completely destroyed. An application of 
heat causes it to separate into sulphuric anhydride and oxygen. It deydopa 
dense fumes in contact with air, atmospheric moisture b absorbed, and hydzated 
sulphuric acid formed. Dissolved in concentrated sulphuric acid it appears, tf 
has already been stated, to have the power, for a time, of resisting deooin- 
position ; the solution, after the lapse of the first twenly-four hours, appearflt 
from the results of volumetric analyses, to undergo no appreciable change 
When placed in contact with bar^-ta water a portion of the add appaientlj 
escapes decompodtion and barium persulphate is produced ; the salt, whicB 
could not be analysed, is soon converted into the ordinary sulphate, oxfg^ 
being evolved. Persulphuric acid does not oxidize arsenious add or oxalic 
add in the cold, and in this respect it closely resembles hydrogen peroddd i 
% marked difierence firom that compound in other reactions in tli*^ ^^ 
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e to form perchromic Eicid and does not reduce potassium permanga* 
Hb. The author concludes bis very interesting paper witli aoine spacuU- 
loi^ on the relation of the oxide^i of sulphur to those of other Don-metallio 
nd of metoUti: elements, and promiHes to euiploy bis method in the investi- 
ion of the higher oxides of other subBtunces. — Compt. rend., bcnyi. 90. 

The QyttoBiaition of lame, Strontia and ^of^a.^Briigelmium describes 
the chemical and ph_v^cal characters of theae oxides when in a crystallized 
aodilion (" Aanalen der Cberoie und Physik," ii. 40(5). The crystals ura 
Cjimed when the nitiaU of the metal, encloeed in a porcsliiiij flash or retort, 
ii submitted to the very high temperature of a furnace fed with coke. < 
ihne of the oxides form crystala, belonging to the regular system, and tbej 
itBinvnriably found to be cubes; in the case of lime, crystals havinff a 
ed^ one miUiiuetre in length have been obtimied. As a rule the leuduo 
lift when a uitrute is treated in the mnnner described, has a vesicular or 
toUkted appearance, and is apparently au amorphous mass -, a low power, 
bovvver, is sufficient to show that it is made up of crystals. An examina- 
liuii of crj-^tala of each of these oxides in polarized light confirmed the 
aWmtion that they all belong to the regular sy»t«m. The lime produced 
bam the nitrate is far less readily subject to change when exposed to the 
•fion of moisture or carbonic actd than that obtained by beating marble. 
TW crystals (of lime) can be exposed to the air for many days without 
nd«Tg(iiiig change, and to water or moisture forseversl hours before they fall 
to powder. That the materials in the hands of the author were piua 
Oiiiee is proved by his analyses, which showed them to cooNst respectively 
of &B-81 per cent, of lime, 0fl-4 per cent, of strontia, and 09'32 per cent, of 
UiybL 

Hfparafion of Kitrogea from' Air. — IlaTCOUrt and Lupton have found 
("Otem. Oentral-Blatt," 1878, ii.) that in the removal of oxygen from air 
^ punnx it over red-Lot copper turnings, a very large metallic surface 
nut be exposed, since the reaction ceases when the cruat of oxide attains it 
CWtiin thickness. The authors compass the difficulty by conducting tha 
tli Uiruugh cjncentrat«d animonia before it reaches tha copper ; the oxide is i 
is (his way continually reduced. As long ss the supply of ammonia is 
[Uiutained a mixture of pure nitrc^n and steam issues from the apparatus. 
ConipotiiKm of the SmtAi of Virffinia Cigars. — Scbwarz has examined these 
pan by the aid of Orsat's apparatus, the use of which instrument he highly 
IwnnmiendB for technical analysis. The products of the combustion of the 
>oWco were collected in an aspirator, and were found to ccntain 120 to 
IS'SS per cent, carbonic acid, and 4'0 to 47(1 per cent, of carbonic oxide. 
T^ presence of the last-mentioned constituent explains the deleterious 
Mtjon of these cigar?.— CXroi. Ceatrai-Siatt. 1876. vii. 

Wfighli and Mtaairet. — The German Federal Oouncil issued, at the end 
'A last year, a list of contractions which are to be employed in official I 
iwiiments to indicate the respective weights and measures, the names j 
•Ittreof are written beride them in the following table : 1 

Eibmeler . , . km | Square kilometer . qkm 

Meter . . . . m Hector . . .ha 

Oentimeter ... cm Ar .... b 

Millimeler . . . mm | Square meter . , qm 

aw sBwaa, VOL. u. — mo. ti. s J 
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Sqnare centimeter 


. qcm 


Cubic millimeter . 




Square millimeter 


. qmm 


Ton . 


t 


Oubic meter 


. cbm 


Eilogramm . 


. ^ 


Hectoliter . 


111 


Gramm 


g 


Liter . 


1 




. mg 


CuWc centimeter . 


. ccm 





No stops are to follow the letters. The letters are to be placed alter the 
%ure8 which express the amount, not over the decimal point : 6yS7m, not 
5m, 37cm. In separating the integral numbers iram those zepreBenting the 
decimal part a comma is to be employed in place of a fbll stop. The 
comma is not to be otherwise used when writing numbers repreaentiDg 
measures of weight or capacity, not as formerly to divide high integral 
numbers ; in such cases the digits are to be divided into groups of three, 
counting from the comma (our decimal point), and the division between the 
groups is to be marked by a space. The new system has been introduced in 
the columns of the " Ohemisches Oentral-Blatt." (See note in *' Ohem. 
Oentral-Blatt." January 2, 1878, xvi.) 



GEOLOGY AND PALAEONTOLOGY. 

An American Jurassic Ceratodus, — In the January number of " Silliman*s 
Journal " Professor Marsh describes an interesting discovery he has made 
among the vertebrate fossils obtained firom the same Upper Jurassic deposits 
of Colorado which furnished the ^antic Saurians noticed in our last number 
(p. 103). This is the left lower dental plate of a fish of the curious genus 
CeratoduSf which Professor Marsh names C, GUntheri in honour of Dr. Giin— 
ther of the British Museum. The specimen has the inner side convex and 
the outer divided into five projections, separated by four notches, the upper 
edge showing five points, of which the foremost is the longest and most> 
widely separated. The plate is attached to a fragment of the dentary bone^ 
and furnishes the first evidence of the existence of Ceratodus in America in. 
Mesozoic times. 

Sihtrian Land Hants. — Professor Lesquereux has described (in the'^Proc. 
Amer. Phil. Soc.,** 19 Oct. 1877) and figured some terrestrial .plants fram. 
the Lower Silurian. These are Protostigma sigUlaroidM from the Oinnnnati 
group of Ohio ; and Pisilophi/ton graciUinmm and ^^isnoph^wn prinunmrn 
firom the same rocks near Covington, Kentucky. 

A Carbomfer&us Fungus. — In the above cited paper Professor LesquereROt 
also describes a fungus {Khixomorpha sigtUariai) found upon a SigiUaria !■ 
Cannel coal at Canuelton, Kentucky. 

New American Dinosaurs, — Professor Marsh now forms a new fiunily, 
AUantosauridaf for the gigantic Jurasoc Dinosaur noticed in our last namlMr 
(p. 103), and indicates as its more important characters the pneumatic an^ 
ties in the vertebrse, the presence of only three or four vertebrse in the 
sacrum and the corresponding shortness of the ilium, the large fbre-HmbBi 
and the presence of five well-developed digits in both fore and hind feet 
Thr ~ ' -lu ungulate and essentially plantigrade. The esrpsl and 
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tinal bones were not co-osmfied with the long bonee, and the third trochanter 
of the femur was radimentarj or wanting. 

Professor Marsh describes a still larger species of AUantosaurus (A, im" 
mtnit) which had a femur over eight feet long, which, taking a crocodile as a 
term of comparison, gives the fossil animal a length of about 116 feet ; and 
the author thinhs it probable that the reptUe when alive was nearly 100 feet 
long, though it may have been much less. Another species, called Morotaur 
nu mpar, allied to Apatoeaunu and Atiantosaurus, is best repre^nted by its 
ncnim, which is said to indicate an animal at least 26 feet long. The genus 
JUoMtnui (see p. 104) is said to present characters which render it the type 
oft distinct family of Dinosaurs, AUosauridte, and a new species (A. lucarii) 
18 or 20 feet long is described. 

Oreotaurua atrox, allied to Ledaps, an animal about 20 feet in length, is 
Mid to have been "the carnivorous enemy of the huge AtlantosawridtB,^' 
The teeth referred to it have more or less trihedral crowns, with the cutting 
sdge crenulated. The vertebras are biconcave. 

Ab a contrast to the preceding giants we have Laoeaurtia celery a Dinosaur 
^Qt the size of a f<^x, and L, grasQitj a still smaller species. — SiUiman^s 
Jomudy March, 1878. 

Cttrbcniferoua Sponges, — Numerous remains of spicular bodies, believed to 
belong to sponges, have been recently detected in the Carboniferous shales 
of the south-west of Scotland, and described in more or less detail by Pro- 
ftnor J. Toung, Mr. J. Young, and Mr. H. J. Garter, in several papers pub- 
Hshed in the *' Annals and Magazine of Natural History " (see especially 
•»• 4, Vol. XX., p. 426, and ser. 6, Vol. I., p. 128). The most interesting 
ptrt of the evidence points to the existence in Carboniferous times of a 
*ponge so nearly allied to the well-known glass-rope, that the above authors 
^0 not hesitate to refer it to the same genus, and it is here described under 
^ name of HydUmema Stnithiu With regard to other species the evidence 
<'f affinity with recent forms is less striking. Mr. Carter has some important 
ivmarks on the replacement of silica b> carbonate of lime in these fossils. 



MECHANICS. 

An Automatic Railway Brake, — In "Nature,*' March 21, 1878, we find a 
^Mcription of an automatic brake made by the Westinghouse Brake Com- 
P^, and an account of some experiments on the action of a current of 
impressed air upon an elastic ball, which possess considerable interest. 
^ article is rea^y a report of experiments witnessed at the Company's 
^'ffioee, where the writer was shown the action of the whole apparatus 
^^doeseary to stop a train of ten carriages. The apparatus works by means 
<i air, which is compressed by a steam engine, and distributed through all 
^ tubes and the ten reservoirs, extending over the whole length of the 
^^ain; by simply turning a handle this compressed air acts upon the brakes, 
wluch, in turn, clasp the wheels ; the action is so completely under control 
^t the brakes can be applied in less than 6 seconds, and so powerful as to 
Wng a tndn going 40 miles an hour to a dead stop in about 16 seconds, and 
^thm a distance of 600 yards. 

The mode of action is as follows : — ^The compressed air is admitted i 

p2 
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cylinder containing the ends of two pistons, which act by leverage apon lh» 
brakes, the admieBion of tlie air being- eifeeted by means of a reductl 
presaure, which opens a set of valves communicatinir -with the cylinder. On 
its entrance it pushes the pistons out, and these then act upon the brakes. 
A further advantage is said to be that in case of the train breakintr iatc 
or more parts, the brakes will immediately act automatically and brinff tha 
carriages to a standstill. Thia brake ia already in use on tlx^ MiiUand Rail- 
way. 

The experiments above alluded to, with a hollow elastic ball, were made by 
means of a nozzle attacbed to the apparatus, throufrh which the compressed 
air could be allowed to escape. When the ball is placed within the cu 
of air, with the tap upright, it is sustained as if by a jet of water, but showa 
little or no revoking' motion. When the tap is inclined nt an anirte of SO* 
or 40°, the ball is still impported by the current, but it recedes and advanoet 
in the line of the tap and revolves so rapidly as to cause a distinct flatlsning' 
of its poles, and this froes on until the ball becomes almost n disc. The 
axis of rotation then (rradually changes until it is at right angles to its cirigiiMl 
position, when the speed of rotation diminishes, and the ball ginduallf 
ceases to revolve; then it begins rotating upon its new axis, and paaM 
through the wune series of changes repeatedly so long as it is exposed to tLs 
action of the jet. 

raNERALOGY. 
Tfte Areidental Coloration of the Zmlita.—T]i6 coloured varietieo of tbm 
minerals may be divided into two groups : those owing their coluuf t» 
the presence of inorganic material like the red leolitea of Dumbarton lutd 
the Fas»atha], which enclose bydrated oxide 'of iron, and those wbidi 
contain organic compounds. Webaky (" Jahrbuch fiir Mineralogie," 18T8, 
76) has published a memoir on the mineral species which are included in the 
second category. Thebest known minerals of this class are the brown deenun 
and heulandite occurring in tlie deposits of magnetite at Arendal ; here thu 
colour is unquestionably due to the presence of an asphalt-like sulistaaM. 
Similar crystals have recently been met with in druses in the granite of 
Graben. The desmiu of Striegau exhihita pale lealher-broivn and wood- 
brown hues. The rare crystals of chabasite have an orange red approaclung 
a chestnut-brown colour, very intense on their surface, lighter but BtQI 
relatively intense in the interior. Chabasite appears to lake up the l«ip«t 
amount of the colouring subetance. A Iragnieut of this minemJ when 
heated in a closed tube turns black, a small amount of a tar-like substance 
distilling off. The mineral is afterwards found to have a pale grey colont; 
if heated for a longer time in an open tube the colour disappean, at Ia*ri 
from the surface. Two specimens of heulandite from the granite of Strie^ 
now in the Berlin collection, exhibited two years ago a fine citron yello* 
colour, now they are much paler ; others are referred to which were ooTSn^ 
with perfectly colourless crystals of laumonile. It is curious to find lb*I 
tninerals, like chabaat«, desmin, heulandite, and laumonite, which tgne t> 
closely as regards their elementary constituents, and difier only in th« pii^ 
portion of these ingredients, should exhibit a very great disparity in th^ 
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power of absotbin^ b. colour-producing grgnnic compound, and, in caaes 
wbere this compound btka been taken up by each vafiety, that Ihey ebould 
difier in «o marked a manner in respect to the action of light upoa them. 

Ambfr. — Rehous bm published a paper in a recent number of the 
*'AliDslea de Ohemie,'' on the means whereby tbia Bubetance may be dis' 
tingniabed from artificial amber, copal, and other bodies. Oopal is yellow, 
more or less deep in hue, wbicb la of the same iuteneitj throughout the 
apedmen, and Uaa on its surface yellow points resembling sulphur. Amber, 
on the other hand, baa always one end of a diU'erent shade from the olher. 
When rubbed on the palm of the hand for a few seconds, amber emits a 
powerful aromatic odour; tbe other eubetnnces uhow no change when treated 
in this manner. By prolonged exposure to elr amber BometimeH loses a con~ 
stituent, which the author believes to be an essential oil, and ita characteristic 
aspect ia lost. When copal is scraped with a knife the Hue particles g-o 
upwards ; when amber is so treated what is detached falls. Amber, when 
gontly heated in a ftonie, may be bent; tbe other substances are out pliant. 
(Sopkl melts at 100°, preserving its yellow colour ; amber fuses at 400°, and 
blMkens, emitting a distinct odour of sulphuretted hydrogen. Amber has a 
specific gravity = 1-09, that of copal ia 1-04, and that of artificial amber is 
1-Q6. Yellow amber has the composition: — 

Carbon ....... 78-82 

Hydrogen 10-23 

Oxygen 10-00 

09-05 

Solinite and Tamite. — Doniejfco has recently communicated to the French 
Academy of Sciences some further notes on the mineralogy of Bolivia. Boli- 
vite is the name wiiich he has given to a bismuth oxyaulphide, composed of 
tlte protoaulphide Hi, S,, and of the sesquioxide IBi, O,. Tainite is a cblor* 
vsenate and chlorantjmonate of bismuth which has been foimd at Tiiiia, 
in Bolivia. Several curious bismuth minerals are referred to in his paper. 

jSiscA^f.— This name has been given by E, Pfeifl'er to a new mineral 
(peeice &om the salt deposits at Strasfurt. An analysis by Kiinig shows it 
to oonsiBt of 11 '86 per cent, of magnesium, 35'04 per cent, of chlorine, and 
fiS-10 per cent, of water. These numbers indicate tbe formula Mg 01, + 6 
H, as that of the mineral. 

Quartz and Tridymitt. — Sandberger describes some curious crystals of 
quartz Ixom tbe Friedrich Ohiistian mine at Sbapbncb, which enclose 
sphenilee or piirtial spherules (hemispheres), while ajid opaque, of the size 
of a millet seed, and consisting of silicic acid. When examined under tbe 
tnicruscope in polarized light, they proved to be small masses of opal, aur- 
rrnmded by little crystals of trldymite. The tridymile is here found asso- 
ciated with copper pyrites, dolomite, and other minerals, and the observation 
is of io'ereet as affording conlirmalion of Vrba's atatemenis respecting the 
occurrence of tridymite in quartz (" Jabrbuch fur Minetalogie," 1878, 47). 
While i;tudying the minerals of the liocber du Oapucin, near Mont Dore, 
laat autumn, Des 01oi«e»ux remarked tbe occui-rence of crystals of hypeiH- 
thene, tridymiCe, and zircon in tbe druses of the trachyte of that locality. 
lie finds that the tridymite readily undergoes change. Blocks of stone, b 
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in the preoedinar spring, eontuned oritib ot^baX mmeml wlddi had heeci 
altered, white and paitiallT dectzojed, the hjpendiflDe ifmainiiy unrhang 
Id ffot locality he found a g«ode filled widi ciTSta]fi»d,or rather erjataUi 
duuhlj refractire quartz, much fiaanred and reij friahle, iwwmh l iiy that fr 
p^ifrtfitni^ aModated widi which were a nnmher of dyataJa of tridjmite 
Jakrlmck/ur MmeralogU, 1878, 45. 

Pandermite, — ^\'om Rath has given this name to a Kme horate, wh 
occurs in the form of ronnded nodules, asaodated with grpsom, in a hed 
claT-slate at Pandemia, on the Black Sea. The new ndnenl resemhk 
fDow-white, finely grained marble, and appears to haye a oomposit 
expresMd by the formula 2 CaO. 3 B, 0^ 3 11, O, and to be nearly rela 
to the borccaldte of Toecana and Iqniqne.— JUMiidl fur Mmfrah^ 
187>?, 75. 

Sandbeiger communicated to the last '^NaturlbrachenrerBamnilnng^ a pa 
on the occurrence of traces of heavy metals in the minerals of the rocks 
closing metallic veins. Several specimens of olivine, hornblende, aogite i 
mica were observed to contain, in the form of silicates, tracea of the me' 
which entered laigely into the composition of the metallic minerals traven 
or afeociated with them. In the piciyte from the Carpathians and serf 
tine derived from it, a small amount of nickel and a still smaller qnan 
of cobalt were met with. Copper occurs in the olivine of Xaorod anc 
the Ultenthal, as well as in the paUeopicryte of the Fichtelgebirge and 
Dillenburg. The latter mineral contains, moreover, a trace of biamuth. 
hornblende and augite, copper and cobalt were found. Specimens fi 
Andreasberg were examined, and the presence in them of traces of h 
antimony, arsenic, and nickel, was recognized. Some micas contain as c 
stituents lead, copper, colalt, and Insmuth ; while in that variety of 
mineral which forms an ingredient of the gneiss of Horstein, the preeene 
arsenic was detected. — Rev, deut, chem, OeseU, Berlin, January 14, li 
2233. 



PHYSIOS. 

Note on some Phenomena of Electrciym, — I have much pleasure in fum 
ing the following cote of some experiments, a preliminary notice of wl 
was given to the Physical Sodety of London, on the IGth of March of 
year. 

Amongst the well-known effects of passing a current of chemical ele< 
city through a non-metallic conductor are : — (1) Electrolysis, whereby 
electrolyte is divided into primary and secondary products which, spea 
generally, bear to one another and to the electrodes a relation homoloj 
with that which the metals in the active cells bear to one another an 
tlieir liquids. (2) There is a bodily carrying-forward of the whole ele( 
lyte in tlie direction of the current, and this is more marked accordii 
the electrolyte is a worse conductor. (3) There b an action compoui 
of the above two. If sulphuric acid be electrolysed, the addity is incre 
around the -f electrode. If caustic soda be electrolysed the caustidt 
augmented around the— electrode. If sulphate of copper be electrol 
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■oea platinuin poles, copper (as Bolpbate) troveU to the — electrode, but 
vn in sufficient quantity to replace that which ia there depofdted (Hittorf, 
^'iedemnnn). 

Tteiuemlwring' the molecular iaditference which cri'8talIoid>> and colloids 
V»r to one another, Iho question presented itself: — Is there, in a mixture of 
till' two kinds of matter, sufficient contJnuity and mobility amongBt the 
cr<italloid molecules to estahlish an electric chunf If there be so,^ — inole- 
t'llnt currents being wholly suppressed by the colloidal olistruction, — a 
'...luiibie means would be 'urnished for tracing the " wandering of the ions." 
^Vater was boiled with sufficient gelatine to form a, atilf jellr. In this, 
"liile wanu, a little sulphate of sodium was dissolved together with some 
iLi.iiug. To one portion a drop of dilute eulphuric acid wasadded, to another 
I drop of ammonia. When the jellies hiul set in glass cells, pairs of sheet 
liatiuuiu electrodes nearly fitting the ceLla were thrust in, about two incbe; 
:'l<:iit in both cases. Six pint platino-tinc battery cells were attached to 
ricl (ill euccession). Flattened bubbles of gas forced themselves up ^in 
ti^tli pules with a crackling noise. In a quarter of nn hour, in the slightly 
rtdilaned cell, both faces of the + electrode were clothed with a brighter and 
"'"Hi transparent red envelope, but somewhat thicker towards the other -m 
Fi^elnde. The — electrode was coaled with a transpsrent blue envslopo.J 
^'iMc two conditions spread and met one another in about three-quarter 
^'> bDor, in a vertical plane between the two electrodes, somewhat less than H 
'"nee ss far from the -as from the + electrode; the blue band being the 
^'ileat. This plane was maintaioed for three hours after its establishment 
" itii lie current in action, and kept the Mime for days after the current had 
'"*D broken ; although by automatic diiiiiaon, the blueneas and redness have 
'iifnil backwards. A similar effect was produced in the blue jelly. The - 
''!>( developed produced a slight fusion, which was confined to the -eleo- f 
'"'Ae. F. OtrtHSIB. 

■i Paint in tie Theory of Sraa ItulmmetUt. — A paper was read beforo 
>*» Pbyncel Society, by Mr. D. J. Blaikley, on this subject. The common 
^■aiplion of such instruments as cones, or cones combined with cylindrical 
tnlugi was objected t-> as being inaccurate, as was also the opinion that 
'wnit, trumpets, lt.e., have natuially, of nacegeily, just intonation, or notea 
^th ribraiional Dumbers, 1, 2, 3, 4, &c., corresponding to the prime, o< 
'Wolfth. double octave, &C. The two simple forms of resonators that give ] 
'heie intervals, the open tube of equal section and the complete cone, i 
''■own, and the positions of their nodal points explained. The positions of I 
'hfi nodes in the cone were experimentally determined by a method which is J 
■^liared to be new, and is peculiarly applicable to tubes of varying section. I 
The conical or other tubes, the nodes of which were to be determined, wer» ] 
"■uwrsed in water, until the length ^ving the maximum resonanc 
vibniing f^rk of the required pitch, held orer the tube, was fixed by the 1 
**it(t level. It was then shown that the action of the lips does not. at leut J 
toiO}' material extent, affect the conditions of resonance. Various truncated ] 
'^M, with and without the addition of cylindrical tubing, were then blown I 
"J lb* lips ; none of them gave the required harmonic intervals, atid it waa J 
■■"tWMtmted that this was because the position of the lips did not correspond 1 
''' that of a nodal point common to all the points required. The positions of J 
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the nodal pnntf in a Imsle of hTperbo&e figure, giTing' the eoneet interrali, 
'were then <hown experimentaUT and explaiiied ; the difierenoe in pontioii 
hetween these and the nod^ of smilar notes on a cone heing very great 
The bogle used had fcr the pitch of its prime or fundamental note of 
12^ Tib^ and wa? divided into eeren flemi-Tentral segments for C of 613 vib. 
This C could be produced from each of these seren piecefl, or from any 
comUnation of an odd number of adjacent jnece^ and the efiect of the 
gradual increase of curvature from the mouthpiece to the bell upon the 
positions of the nodal point?, and consequently upon the lengths of the senu- 
Tentral segments, was thus made apparent. 

TtUpkf/nic SignaU. — The telephone, wonderful instrument as it is, is still 
far from realizing the ideas entertained of it bj the general public, who are 
generally inclined to fancy that the extraordinary results foreshadowed by 
the facetious Mr. Punch have already been attained. It is still impossible 
for a serious family to remain qiuetly in their own drawing-room on a wet 
Sunday and satisfy their consciences by listening there to the suave eloquence 
of some popular preacher : for ladies uf musical tastes to enliven their 
soirees with melodies '* wired ^ from Covent Garden or the Haymarket ; or 
for scientific amateurs to enjoy the discourses delivered for their delectat^jon 
at the Royal iLstitution without the labour of travelling to Albemarle 
Street Telephonic utterances sound as if they came ''from the back 
o^ beyont," to use an old Scotch phrase ; and even these faint adumbrationa 
of speech can only be perctaved when the receiving instrument is held 
close to the ear of the listeDer. Hence arises a difficulty, namely, how 
is the intended recipient of a message to be warned that a communication 
is about to Ije made? for it is obviously too much to expect that the 
persons at the two ends of a telephonic line shall sit perpetually with 
the instruments applied to their ears. Mr. W. C. Rontgen indicates 
(" Nature,'- December 27, 1877) that a warning may be given by means 
of a battery and alarum attached to the telephonic system, but that this 
will cause so great an addition to the cost of establishing and main- 
taining a telephonic apparatus that it must be dismissed as inadmismble. 
His own plan is to give a signal of the intended transmission of a message 
by means of a tuning-fork placed close to the end of the bar magnet, opposite 
to that which acts in reproducing the vocal sounds. He proposes to effect 
this by providing the Fecond pole with a coil of wire inserted in the circuit 
at this point, and connected with the general circuit iu a manner easily under- 
stood but hardly explicable without a figure. " Before this pole of the 
magnet," he sajs, " may be very easily set up a tuning-fork, which, with the 
telephone, is simply fixed to a resonance case ; this arrangement should be 
made at both the transmitting and receiving stations, and both forks should 
be in unison. If now the sending station wish to signal that a communication 
is to be begun, the fork of that place will be sounded with a fiddle-bow ; 
the currents thereby induced in the coil are powerful enough to set the fork 
of the receiving station in such intense vibration that the sound may be dis- 
tinctly heard m a large room.*' Mr. Rontgen says that he has made this 
experiment in a room containing about 1 00 people, all of whom could hear 
the sounds of the fork, which was a Konig Ut^. The author has made 
Bome experiments which are of interest One is of importance in conneetioii 
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« reproductioD of the clang-tintB of tones through the tele] 
1 one of the two telephones a higher fork be Bubetitnted for the Ut, one 
ud thifl ie sounded with ihe flddle-bon, " there will be beiird with another 
iaaerted telephone of the ordinarj' construction tones of even 12,000 double 
^ibrationa per second, a sign that the rariatioos of the magnetic condition of 
)t perceptibly occur, even when the forces producing these variations 
diuif^ their £ie 24,000 times in a second." In another cnse he ueed tlie 
wepbone to test the electric Tibrations indicated by Ilelmbolti and others 
B produced in the induced coil by the opening of the primary current of an 
nductdon apparntus, when the ends of the former are connected with the 
imaturee of a condenser. The telephone was inserted in the circuit between 
he coil and Ihe condenser. When tbe ends of the induced spiral were not 
cnuieeted with the condenser, he beard a dull report in the telephone ; when 
ttieee ends were connected with tlie condenser, this report wag accompanied 
try a aborter, higher sound. The obeercationa were made with a telephone 
Mmng a very thin and deep-toned iron membrane. 

At the meeting of the Academy of Sciences of Vienna, on February 14, 

""r. J. Pulej suggested anoUier application of tuning forks to telephonic Mg- 

He propoeea to remove the vibrating plates from two connected 

ipbonea when not in action, and to place opposite the coils the limbe of two 

tniog-forliH of ai nearly as possible tbo aaoie tone. On the other eide of each 

ning-fork is placed a small bell, and between this and the fork a little 

Ma boll ia auapended so aa to touch the latter. When the fork at either 

id is eet in vibration by means of a small iron hnninier coated with leather, 

« fork in the other station also vibrates, and sounds the bell by means of 

e little ball. When the signal is answered from the receiving station, tlie 

I put on the telephones, and conversation can be carried on, 

r. Pulej bas also mitde experiments with steel reeds, such as are used for 

» bannonium. With a resonance box, the tone is so strengthened at the 

caving station as to be perfectly perceptible in a large room. The bell- 

puH is BO loud OS to be audible in an adjoining room with the door cloeed. 

The Ultra-violet Sprc/ntm has been studied by M. Oornu in a paper 

■Ought before the French Soci^t^ de Physique, on February 15. He employs 

fte oidinAiy ray from a prism of Iceland spar, which forms the more deviated 

tod the more widely dispersed of the two spectra, He replaces the glass or 

Itetal redectoT of the Helioetat hr a prism of quortK giving total internal 

tes quartz object glasses, ground speciaUy for obtaining the 

jnam of aberration, the shape being that of a crossed lens, very nearly 

, with its Hatter curvature outwards. He concentrates the 

n the slit by means of a convex lens also of quartz. It is tbus found 

bat the spectrum varies with the time of day, having a maxiinuni about 

It is longer in winter than in summer. To obtain the normal 

m, he dmws all the lines of the prismatic spectra on a large scale, 

1 determines the wnve-lengtha of some, and calculates the others by 

ilation. He also employs diifracLion gretintcs, but substitutes in this 

le the electric spectrum of iron for that of the aun, which is of feeble in- 

Moty in the ultra-violet tract. He has carried this region somewhat further 

htn bad been previouily done. 

JJffhtlmtff Cottiluctort.^il. Melsens has erected a series of Ughtni 
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conductors on tlie fine old Hotel da ViUe at Brnwels. Instead of m 
rods he emptoya buncbea or groups of pointn, brADching out in all directioua^ 
Connect«d nith nunieraus ramitied conductors meeting in a «olid block o' 
galTanized iron, from wliicli tliree series of ramilied wires Bunk like roots b 
the pound afe connected, one comuimiicating mitU a well under the o 
the two othei'B passing through iron pipes I'ull of gas tar, until the; reach tlta 
gas and water muns of the town. 

Toiu/hened Olaan. — An improred method of producing annealed or toogb- 
ened gloss has been adopted by M. de Labaslie. He throws the soft arti- 
clea, immediately on their being blown, at once into the anneding bath, k 
as to eave a second heating, and the consequent danger of loes of shape. 

Aatomaiic Gat Lighting. — An ingenious plan for accomplifihin^ lliia 
object has been brought before the Society of Arts by Mr. Fok. Each lamp 
is supplied with a small iudaclion coil, the primarywiree of all being united, 
and the secondar; with condensers composed of glass plates and tin foil L 
alternately side by ude. The soft iton core of the induction coil is also uj 
to produce reciprocating horizontal motion in a permanent horj^eshoe magnel 
suspended on needle-points just above the coil. A stop-cock is actuated hj 
the recsprocating magnet, and thus tbu gas can be turned on immedi&tel/ 
befuro the lighting spark pa.>ses. The whole apparatus is coutained in u 
aii'-tigbt metallic case, measuring 2} inches high by 2\ inches wide, s 
on to the supply pipe of the lamp, the insulated irire being either canied 
imderground, or as in some eiperitoents now in progress in Waterloo PUc* 
and Pall Mall, hung from small telegraph poles attached to tbe tops of thft. 
lamp standards. 

The CompoMi of Anciful Fluta. — M. V. Maliillon has I>mu aU» ti>' 
reproduce aucceesfuUy the tone and scale of the ancient flutes found at 
Pompeii. 

A similar determination was made in 1870 by Mr, W, Chappell sod Dr. 
Stone for facsimile copies of the Egyptian flutes preserved in the Biitiah 
Museum, and in that of Turin. These were exhibited and played on during 
the Loan Exhibition of Scientific Instruments at South Kenaingtnn 
reed then nsed was that which can be made from a simple joint of long 
grass by means of a longitudinal flap cut upwards towards tbe closed node. 
This, the most ancient form of reed, as described in " Tyndall on Sound,' ia 
ofien made by children in the fields, and called a " Squeaker," and stil' 
exists in the drones of the ordinary bagpipe, 

M. Mabillon made use of a similar uugle beating reed, to be found in Ihi 
Arghoui, or Egyptian flute. Taking for granted what is rather matter o 
doubt, namely that the chromatic scale was known to tbe ancient^ U. 
Mabillon concluded that if the tlurtceutb sound obtained was the octave of 
tbe first, the intermediate notes must be correct. Thus B, on the second 
line of the Bass clef is obtained as the fundamental or lowest i 
instrument, and the following notes are succesuvely obtained by ope 
tbe lateral not*fl, sharp, D, E, F, F sharp, G, G sharp, G sharp, A^ 
B flat, B natural. Tbe absence of C and of D sharp is account^] for \y \h» 
fact that tbe second and fifth rings of the instrument are not bored. It 
posuble this may be duo to tbe fact that they would, if open, exceed I 
iBumbei of the digits, though M. MHhillondoes not advert to lliis point. T 
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dupljcmitra of G jhnrp, howerer, thrown some doubt on the correctness of the 
erale. — PuU Malt GasfUe, March 18. 

Th* I%moffraph easentisllv consists of two parla, n recording inBtmraentt 
Kiid unother for deciphering and reading aloud the record thus obtunad. 

The former has a mouthpiece plopped at its inveraa end bj a tDelallic 

iliuphmgm conyiug a paiut. In close approximatiDn to the point, a metal 

lylinder covered with tinfoil is mftde Ui rotate in a spiral. The tinfoil being 

^^ Ipft unsnpportod behind by a apiral groove of sinnlar pitch cut in the 

^^ylQiiiuler, is indented hy the point with depres^one correspondbg to the 

^^HbntioaBof the metallic platit. The perniotient record thiu obtained re- 

^^Mldns dedphering, an end which is obtained by the other portion of the 

^ iwtnunent. This consists of a similar dwphrogm held in a tube on the 

ppii^te side of the cylinder, attached to another point pressed against the 

Imdng by a delicate spring. The oripinal vibrations arc thufl transferred to 

»>eCond Diembrane, and reproduced in tlie form of sound. The machinfl 

'*^libeen exhibited before several London Scientific Societies with complete 

Mr. Preece brought it under the notice of the Phyaica! Society on 

iBch S. Two forms of thn instrument were illustrated. In one, the 

(ciTing and emitting' diitka are distinct, one being of ferrotype iron, and 

leather of paper; in the other, both fuuctionB are perfonued by one and 

B disk of iron. la on», moreover, the drum is moved by hand; in 

■ other by a traui of wheels and a descending weight, regulated by an 

rtable pair of Tanes. Sounds emitted by the paper disk appeared to be 

ft distinct than those from the iron. Professor Fleeming Jenkin suggests 

It the Phonograph may be found of value in throwing light upon the 

e of vowel-amnds, and eonflmiing or correcting Halmholtz's theory, 

Kllll detail of eaperiraentfl made by him and Mr. Ewing on the subject is 

n Elfetrolffff, — Mesara. Ayrton and Perry have forwarded to the 

ll Society a second communication on Ice as an Electrolyte. In their 

Br paper they deacribod experiments proving that as the temperature of 

■ Hallowed gradually to rise, the conductivity' increases regularly, and that 

^Mn is no sudden change in paaaing from the solid to the lir^uid state. They 

rw roughly determined the speciSc inductive capacity of ice and water at 

— ly* and + 8° 7 Cent,, showing that at the latter temperature it is 2,340 

(■IBM IS great as at the former; there being very little change in the 

I <«p»dty up to 0° Cent,, nor after that point ; it was expected that a very 

ETESt change must occur at the melting point. In their second paptc | 

(ppitiximate curves have i»en traced from — 13°'2 to + B" Oent. by charging I 

I nt iO seconds, and then short-circuiting for 15 seconds. The change at tha 

^rttiag point, though quite aa audden fts expected, on the whole realiw* 

it anticipations. " The important theory," lliey remark, " which Professor 

k Maxwell haa developed, by comparing the propagation of electro- 

■netic disturbances through the ether with the propagation of lights 

Mion, has been illustrated only by paraffin, a non-couductor ; and he 

ou lot ciniddered thp propagation of eleutro-magnetic disturbances in ft 

_ Undocting medium. But according to a former paper on the " Vtsoority of 

'do dielectric can be alBrmed to be non-conducting, and tbaa 

(iog of any condenser whatever is always accompanied by abeorptiai 



220 FOFTLAB seniles BETDEW. 

phcDomeiia; also alvorption ootunlj inenatet with oonductiTity. Henee^ 
althougiiy if a method of experimendiip wen employed in whidi a wato^ 
condenser of gi eat internal resistance were dischaiged through wires of hm 
reustance for shorter and shorter periods of time, the measured specific 
inductive capacity might get less and leas, and gradnallj approach a Tsloe 
equal to the square of the index of refracdon of water for infinitely long 
laminoofr waves (^the index of refraction for air heing called unity) ; tldSif 
practically, the measured specific inductive capadty can noTer be eves 
approximately equal to the refractive index of water, once the absorbed 
cbaige is immeasurably greater than tbe surfaoe^haxge.** We therofbn 
need not expect to find the specific inductive c^tadty of water in its miir 
tions with temperature consistent with Dr. Gladstones results for index of 
refraction. 

~~ Sew Form of Battery. — M. P. JaUockkoff describes to the Acad^ie dM 
Sciences a pile in which the attackable electrode is of coke. This sabstSDee 
not being attacked by any liquid at ordinary temperatures^ heat was needed, 
and a substance which would only become liquid at a sufficiently elevated 
temperature, and be converted into vapour only at a stiU higher. 

He fused nitrate of potass or of soda, and immersed in it as the attack- 
able electrode ordinary coke, with platinum as the unattackable. For the 
latter, however, iron answers equally welL The electromotive force of this 
battery varies between two and three units. It is, therefore, superior to thst 
of Bunsen or Grenet, the former of which gives 1*8 unit, the latter 2*0, or 
at best 2*1 units. 

Previous fusion of the nitrate is not necessary. It is sufficient to ignite a 
piece of coke, and place it in contact with the powdered salt. The best 
produced fuses the salt, and action begins. The action is not at all npid. 
Much carbonic acid and other gas is liberated, and is stored up to act as a 
motive power. 

Incruetatiim in Boiiers, — The value of rinc in this capadty is now bxAj 
established; and is probably due to galvanic action. Facts have been col- 
lected by M. Brossard de Gorbigny; and M. Lesueur has stated the 
case of a steamer repaired in 1861 at Havre. It had three boilers, one of 
which, fed direct from the sea, was almost whoUy oxidised and useleeB, 
while the others, which were fed with water from the condenser, were in 
perfect preservation. The condenser showed that the brass partitions were 
reduced to a comparatively pure spongy copper, the zinc having diMippesisd 
entirely. It was concluded that zinc could be made to act as a s(!ale-pR- 
venter. In 1876 M. de Corlugny was requested to examine closely sQ 
the evidence, and to report to the Ministry of Public Works. The applies^ 
tion of the zinc was generally in the simplest form, it being placed in a psrt 
of the boiler removed from the furnace. It was found that, with fair mteti 
containing but little calcareous matter, the deposits, instead of forming 
adherent scale, were in the state of fluid mud, and easily removed by wash- 
ing. If, however, the feed-water was strongly calcareous, the deposits weio 
coherent and strong, but did not adhere to the iron, being easily removed by 
the hand, assisted by a scraper. The zinc was in time found to be reduced 
to a white earthy-looking oxide, consisting of 87'80 per cent, of this sub- 
stance, with '{'80 of oxide of iron and aluminium, and 6*20 of lime carbonsta. 
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ic waii found 'm wnter drawn from the bolters. The opinion stated was 
tbat a sm&li but continuous disen^'A^enjetit of bydrogeii is m^Iained over 
u- whole Butlace of the iron in contact with tbe water, the bubblea forming 
a dim which separnles the metallic surface from tbe scale-forming aubstance. 
— fryrf. Ateekan, March 3. 

{^lrr^nU of High Tention. — M. Plants employs secondary bBtleries of 
Mch tension made of plat«s of lead which constitute powerful ncciunulaton 
uf \'altAic electricity. By associating a number of batteries containing from 
M) lo 800 of tbeee couples, a discharge is obtained equal to &om 600 to 
l.iJA) Bitnsen batteriea nrranged for tenaion. All are arranged in simple 
circiul, and can b« charged in a few hones by s-ime Orore's or Bunaen's cells. 
By turninpt commutators all can be united in tension, and the enormoua 
.uontity of electricity thus accumulated made use of in a few seconds. If 
ti><> c<)pper wireabe inaert«d in water, contained in a flat glass cell, acidulated 
»;th ^th of enlphuric acid, and connected wiUi eucii a secondary batteiy, or 
ncn with 16 or 20 Bunaen's batteries, a thick cloud of protoxide of copper 
ii-uet from the end of the poeitiTe wire. If a strong magnetic pole ba 
hhMifiht into the neighbourliood the cloud assumes a spiral form, of which 
Cb component rays turn in a lett or right-handed direction, accuMin^ as the 
piiln is north or south. 



ZOOLOGY. 



On Xn^vin.^FrofeMOi £. S. Morae has commnnicated to the Boston Society 
ofNatuminisIorj the results of an investigation of the atructure and habits of 
Zu^ru'i, which he madeon the coast of Japan. In a species of this curioua and 
iBt« resting genua of Brachiopoda he discovered auditory capsules, resembling in 
{i-isiiion nndgeneral appearance tbe corresponding organs described and figured 
by CUpar^de in certdn tubicoloua aimelide. The circulation in Linffula he 
mainluns tii be due entirely to ciliary action, and be altogether denies the 
ptM^uce of anything like a pulsatory organ. With regard to the habits of 
lAngida he atates that when it is partially buried in the sand the anterior 
oiaiyius of the palliiU membranes contract in such a way as to leave three 
large oval opeoinga, one in the centre and one on each side. The long 
kffistlea of tbb re^non are then arranged in such a way as to form funnels 
lf[i<ling directly to the openings, and these funnels acquire firm walls by the 
Kdunulstian upon tbe bristles of the mucus flowing from the animal. A 
constant current is seen passing down the aide ftinnels and up tbe central 
one. The IAnffui4r bury themselves very readily in the sand, and the 
peduncle a^lutinates a sand tube, by means of which, when in confinement, 
tbey attach themselves to the surface of the vessels. — SSlt'iium's Jmtmiil, 
February 1879. 

StJid-hoo/rd Dter and IHgt, — In our notice of the " Bulletin of the United 
StatM Geological and Geographical Survey of the Territories," wa have 
mentioned that Dr. Ooues has described the occurrence of a sobdungulal* 
coodition in the Virginian deer, and in a peculiar Texan breed of pigs. Of 
the cue of tbe deer, though not uninteresting, little need be aud ; tbe 
oonaolidatioii having been apparently observed only in a single apedmeD,nnd 
being confined to tbe horny hoof itself, the bones of tbe foot rettuuing thdr 
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nonnal cbaiscter. In the pigs, on the utiier band,tlie tumuiiiil phaltuigei of 
the tooa Ikitc becotue united in the middle line, producing a ungle brutd 
lermiQal pliaJam. above which, hoirever, the other plialongee of the ton 
niiiun perftidly diatiuct. I)r. Coues saya, " The upahot of thia inodiGntiiiu 
of the foot is t^t a strictly artjodactyle animal ie traniifonued into ui im- 
perfect perisaodactyle one ■' and (ram the chnrocterB preaented by the tetnuul 
phalanx, even in a youDg animal, he is of opinion that its conditdon ie " nut 
the result of progresdive confluence of the two bones, but of their origiml 
connatiou." The horny hoof encases the bonee as far as the distal eitreaiiliet 
of the proximal phalanges, and is perfectly solid, althout'li in front theiy it 
a. slight vertical line indicating the limits of the two halves. On the tola of 
the hoof there is a broxd, angular elevation of homy substjince, apex forwud, 
and shaped so as to be curiously like the fr<^g of the b'^rse's hoof. 

The occurrence of solid hoofii io the pifr, as of cleft hoofs in honea atd 
BS8e«, has already been obseired occa^onally, but in the case of these pigt4 
ngnlar aolidtmgulate breed appears to have been establiBhed, nad ao finidj 
that no tendency to revert to the original form is observed in thetu. M(. 
Mamock, of Uelotes, Bexiir County, who has furnished Dr. Coues with it- 
formation and Bpecimene, states " that the crosa of a soli'l-hoofed bou viA 
ft BOW of the ordinaiy type produces a titter the mAJurity of which Aaw 
the peculiarity of the male parent." 

A New <3tiiiuxra. — Mr. T. Gill has ann<iunced his recognition of a new 
American species of the curious genus ChitiKtra, which he proposes to naint 
C. pliimbea. It is of a uniform lead colour, vith the snout acutely piv 
duced, the anleorbital Uexure of the euborlntal line exlendiog a little aboTS 
the level of the inferior border of the orbit, the dorsals close tognther, tto 
dorsal spine rounded in front, the veutrals triangidar and pointed, and th9 
pectorals reaching the outer aiil of the ventrals. The only known specimen of 
this fish, which is a most interesting addition to the Atlantic fauna wav 
token south-east of the La Have bank, at a depth or350fnthoius, witbabaic 
of halibut. — Stilimnn't Journal, March 1878. 

The Metquito an Intermtdiale Searer of Sitinan Parimte*. — On the I2lh 
of January it was first publicly announced that the female mosquito bad 
been found capable of suckinp up the yoimg of Filaria lanjpitnia hoMtiai 
{F. Bimcrofti, Oobbold) when feeding on persons whose blood bappeuud to 
contain these parasites (hcematozoa). The discovery, for as such we mtnt 
DOW regard it, was due to Dr. Patrick Mnnson, who acta as physician to tlie 
MiBsionary Hospital at Aruoy, Cbina. So far back as the j-ear 1866, tba 
late Dr. Wiicherer detected a little nematode worm in the urine of a patient. 
Be was at the time in aenrch of the hicmatczoon known as HiJAai-aa 
hamatobia. Curiously eooiiiih, be did not find the Bilbarzia ; ueverthele«% 
only a few jeara later (1872) Dr. Oobhold, when engaged in examining the 
urine of a little girl from Natal, who passed thousands of fiilharda eggs 
dwly, encountered the embrj-onic nematode worm that Wiicherer had 
heen the first to observe. About the same time Dr. Lowis also detected the 
worm in a chylurous patient, and Uter on he made tlie remarkable dis&ivety 

kthat the same microscopic nematode infested human blood. A fen \ean 
afterwards Dr, Bancroft n< t only discovered the b(ematozoon, aa sucb, in 
Atutrftliit, but on December 21, I87C, he made the important discovery of 
Ik 
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9nee of the same entozoon in the wximlly mature Htate. This ■worm 
•w fijwt de»ctilKd by Dr. Oobbold in the " Lancet" for Octnbei- 6, lf77, 
tDdiikined»ft«ritgdiscoTeTBr. As regBrds the immature worm many similar i 
fitids w«re at difierent times made in yarioua countries, hy Urn. S^liebuTy, 
SwiBiiio, Orevaun and CorrS, Fcmcerriiie, (yNaill, Silva Araujo, Da Silra 
lima, F, doa Santos, and others ; moreover. Dr. Lewis himself, only a few 
mnuths later tlian Bancroft, verified the fact of the occurrence of the mature 
mmn in the human body. Drs. Antujo and dos Santos have also found the 
M-fiown worm. If the early arnouncements were received with incredulity, 
ftem does not seem much room left for doubt now. On March 7 Dr. Jlnn- 
Kra'sinvestigfttioBa were brought before the Linnean Society with ample 
iUuslration and considerable minuteneBs of detail. From the remarks mnde 
aft«r the reading of Manson's paper, followed as it was by a lengthened 
Btnioit on the part of Dr. Oobbold, reviewing the whole of the known facta 
« reaaded by himself and some twenty other different observera, there 
■tilled to be no escape from the conclusion that mosquitoes were true inter- 
•wiiate hosts, whose express duty it was to carry or nurse (as Manson enva) 
tilt larrffl of the hiunan nematode called Filaria Sim/yrofli. Further, it 
>fpcat«d that this entozoon was not onlj associated with, but the actual 
fUHe of several endemic affections, such as chyluria, hemnturia, lymphoid 
^iwses, elephftntiasis, vsrix, nud so forth. Profespor Allen Thomson 
Itongbt that the authors had fairly proved their case ; and Sir Joseph 
Fsviw stated that he regarded the subject as one of unparalleled intor»st 
in the course of the discussion Mr. McLachlnn suggested the possible 
iiflueoce of tishea as intermediary bearers, whilst Mr. Curlinir, Dr. Oolling- 
'I'od and others testified from personal knowledge as to the conscientious 
■ i'Ticter of Dr. Mnnsoo'a work. 
'Ungantm Salttratff Rhaiipodt. — The third part of the Hungarian 
' lUirhistoriahe Hefte," for 1S77, cont^na an interesting' paper by Dr. Geza 
- -u, 00 the Bhizopoda obtained from a pool of salt ^ater at Szamosfalva, 
U4r KUnsenbcrg. The species obtained, which are fully described and 
fpued, are: — Tteun^thyt hulij; sp, n.. Hffirapfiri/i prnliffra g. et sp. n. 
filHed to Tioffiop/n-j/i, limropliryt and Chlamtjdophryt), Eugl^pha putida 
If. n., Microcometn Imlrifpclui sp, n,, OrbaimeBa umaragdta, g. et sp, n,, 
CBiipifyi infutioman, Cienk., six speeiea of Amteba (r/ultnla, timai, jmncrjit, 
flints mil radima), and Podottoma JUigeram Clap, and Lachm, Thus out 
of nrnlve species, five are described aa new, and all of these are enclosed in 
t^BolM. From a previous investigation of the Infusoria of the salt ponds 
•if ToTda and Szamoafalva, the author arrived at the concludon that while a 
pnoon of them had previously only been found in the saa, the greater part 
Wcnired both in salt and fresh water, but only a fourth part of the Infusoria 
''jlMned belonged lo forms previonsly known only from the lntter. AVith 
fijsrd to the Rhizopoda, the greater number are forma which are very 
(kiidant in freeh water, but ore probably to be referred tn (he categon- of 
•n^Muams common to both fresh and salt water ; of the species peculiar to 
'le talt pool, the cloBast allies of two (Euglypha punilin and Mtcrocoine/et 
'^ryp^tai) have hitherto only been found in &esh water, whilst the nenreat 
'tliiite of another {Pleurophrt/» AeUr) lives in sea water. Of the two n 
■'■'itra, one (OrbaJniella) is related to the perforated marine ForamiriTera, 
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• 
and the other {JPteetropktys) to Ftmrophiyi, As a negatiTe chaneteri ! 
remarks that the AredUB, which are so abundant and so easily found : 
fresh water, and the equally abundant and charaeteristic Bifflm^im^ are wai 
ing in the salt pond just as in the sea. 

Marine Amaba, — In the fourth part of the same periodical Dr. En 
notes the confirmation of his previous supposition that the Amab€B observe 
in fresh water and in the salt pools, may also occur in the sea. In sea wat 
from Ouzhaven he found two Amceta {A. limax and mlKMa) yezy abundantl; 
He regards A. marina^ Duj. and A, polypodia, Schulze, as probably identic 
with A, radio9ay and posdbly also IIackel*s Protamaha polypodia. 

Young lAmtiU, — ^Mr. Alezzander Agassiz writes as follows to '' sniimaW 
Journal ": — ^'^Mr. 0. D. Walcott has called attention to the fact that whc 
collecting fossils he finds large numbers of Trilobites on their back.* Froi 
this he argues that they died in their natural podtion, and that, Yrhen. living 
they probably swam on their backs. He mentions, in support of his viev 
the well-known fact that very young Limvlus, and other Crustacea, frequent! 
swim in that position. I have for several summers kept young horseaho 
crabs in my jars, and have noticed that besides thus often swimming oi 
thdr backs, they will remain in a similar position for hours, perfectly quiet 
on the bottom of the jars where they are kept. When they cast their ski] 
it invariably keeps the same attitude on the bottom of the jar. It is not si 
uncoDunon thing to find on beaches, where Limulus is common, hundreds ol 
skins thrown up and left dry by tiie tide, the greater part of which are 
turned on thnr backs. An additional point to be brought forward to shoi 
that theJTrilolutes probably passed the greater part of their life on theii 
back, and died in that attitude, is that the young Limulug generallj feer 
while turned on their backs ; moving at an angle with the bottom, the hinf 
extremity raised, they throw out thdr feet beyond the anterior edge of H 
cenopace, browsing, as it were, upon what they find in their road, a 
washing away what they do not need by means of a powerful current p 
duced by the abdominal appendages.^;^^mer. Jour, Set,, January 1878. 



• " Ann. Lye. Nat. ICst., N. Y.," Vol. XI., p. 155, 1875. " Twe 
eighth Report, N. Y. State Museum," Dec. 1876. 
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VOLVOX GLOBATOR. 
Br ALFRED W. BEXNETT, M.A., B.Sc, F.L.S. 

LBCTUEGR ON BOILUfT AT BT. THDUAB's 

[PLATE v.] 



THE organism which we are about to describe has long been 
a, favourite object for observation to mieroscopists, not only 
Erom the extraordinary beauty and delicacy of its structure, but 
Bom the remarkable phenomenon which it presents of a member 
rf ihe Tegetable kingdom endowed with a power of motion 
apparently as spontaneous as that possessed by any organisms 
belonging to the animal kingdom. The very location of the 
Voivac among plants has indeed been challenged. Like many 
otlierB which are now placed, by almost universal consent, 
Unong the lower classes of Cryptogams, it was held by the dis- 
tinguished naturalist Ehrenherg to be of animal nature. If, 
however, any doubt remained as to its true vegetable character, 
Hub has been completely set at rest by the researches of Professor 
Cokn,* who has only quite recently for the Brst time followed 
out completely the various stages of reproduction of this singular 
Diguusm. In no English work will they at present be found 
sdeqaately described, although so many observers had before his 
%e had it undei- their notice. 

The Volvox globaioT is not uncommon in clear poolfl on 
Wnmons, and in similar situations, and is visible to the naked 
eje as a minute pale-green globule rolling through the water, 
paselng rapidly across the field of view imder the microscope, 
"s ftiU diameter being perhaps ^l of an inch. Under the 
BUcroscope it is seen that the rotatory motion is caused by innu- 
inenible fine transparent vibratile cilia, with whicli the surface 
Is studded. The appearance presented by the entire body is that 
"U globular transparent, hollow, membranous sac, through which 
the*e cilia protrude, and studded with bright green points, while 
'tt the interior are seen a small number of dense green globes, 
lo the autumn or early winter these internal globes have often 
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aBSumed an orange colour, giving to Ibe whole globule a i 
tinge. The vibratile cilia already described are arranged 
paira, each pair belonging to a separate peripheral corpuscle 
cell. These peripheral cells contain each a green protoplasm 
body, varying in shape according to the age of the individual, 
as shown in tig. '2, a, b ; they usually contain a minute Btarch- 
granule, a reddish-brown " eye-spot," analogous to that of 8wanii< 
cells (zoospores) and of the Flagellate Infusoria, and one or 
two contractile vacuoles, the cilia being borne at the narrow 
hyaline end. Each is surrounded by a gelatinous envelop!^ 
which is pierced by a number of canals, all lying nearly in one 
plane, and filled by green or coloiu'less extensions of the protd 
plasmic interior. Since the canals of adjoining cells correqxmd, 
the corpuscles appear as if connected together by a network of 
line reticulations. The outer gelatinous wall of each cell i) 
also perforated by two pores, through wliich the two vibratile 
cilia protrude into the surrounding water. They constitutes 
single peripheral layer enveloping the entire organism, corre- 
sponding to the plate which is characteristic of many Chroo- 
coocaceaa ; each one by itself would be undistiuguisbable fnm 
an ordinary swarm-cell of many filamentous Al^, or from tliti 
entire individual of Ckla/mydoeoccus or Pleurococciu in it* 
motile stage. They have, however, so far as is known, so 
reproductive function, and in this respect stand almost alone 
among cells endowed with a spontaneous power of motion. 

Besides these non-reproductive or sterile cells, there are iD 
each Volvox-colony three kinds of reproductive cells — nw 
sexual (neuter), male, and female. The neuter reproductive cellii 
or parthenogonidia, as Cohu terms them, are similar in s 
ture to the sterile cells, but two or three times their sis 
from '006 to -009 mm. in diameter. Very early in the develop- 
ment of the young colony, they begin to multiply by bipartituci, 
and all the cells in the same colony or sphere are usually at eoi 
time in the same stage of development. This division has been 
followed by Cohn through four stages, as shown in fig. 3, a-*i 
the fourth stage consisting of eistoen cells, beyond which hewW 
unable to trace it, owing to the difficulty of the observatifflo. M 
this stage it is described as having somenbat the form of a bta^ 
berry, each segment possessing a §ingle chlorophyll-granule oc»- 
taining starch. The young colony ia surrounded by a trai* 
parent membrane, which it at length breaks through, and caniw 
on an independent existence within the cavity of the mothtf- 
coltiny, each of its cells developing a pair of t'ilia ; finallj ^ 
escapes from its contiuement in the mother-colony into On 
aurroimding water. The normal number of parthenogooidi* 
which thus develope into colonies within the mother^olonj i> 
fiig-ht, corresponding to the eight cells into which each of UuB 
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B up on ita third aegmentation. The young colonies co 
plete tbeir growth in a few days, attaining a diameter of &om 
00-10 to 00*1 5 nun., and have by this time absorbed the greater 
part of the chlorophyll and starch of the mother-colony. 

The sexual reproductive cells, male and female, are very few 
in proportion to the sterile cells. While the non-sexual repro- 
doction by parthenogonidia takes place during the whole year, 
the sexual cells are apparently formed only in the autumn. The 
two kinds are found either in the same or in different colonies, 
establishing the classification of the genus into moncecioua and 
dicecious sub-species, as first pointed out by Cohn. Fig. 1 
represents a moncecioua colony. The two modes of reproduction 
do not take place simultaneously in the same colony, the sexual 
generation forming the close of a longer or shorter series of non- 
aexual generations. Volvox presents, in fact, one of the earliest 
instances in the ascending series of the phenomenon known as 
alternation of generations, which attains its highest development 
in plants in the Vascular Cryptogams, The female cells (gynogo- 
nidia of Cohn) are at first uudistinguishable from the parthenogo- 
iudia,but are much more numerous. On th«ir first appearance they 
are about three times the size of tbesterile cells; their protoplaam- 
Iwdy increases rapidly, and becomes of a dark green colour from 
abnndance of chlorophyll. Thoy have at first a frothy appear- 
■BCe (fig. 1, b) from the formation of vacuoles, but afterwards 
appear to be filled with protoplasm ; and they are now at once 
totinguish able from the parthenogonidia by their never dividing. 
Tliey soon become flask-shaped (fig. 1, 6'), their narrow end 
totidjing the periphery of the sphere, and the larger end baugiDg 
free into the cavity. When ready for impregnation they round 
themselves off into a spherical form (fig. l,fc'), and may then be 
designated oospheres, each being enveloped in a gelatinous 
membrane or oogonium. The male cells, or androgonidia, present 
at first a still closer resemblance to the parthenogonidia, since, 
liien they have attained about three times the size of the sterile ■ 
cells, they begin to divide ; but they are of a lighter colour, from 
cmtaining a smaller quantity of chlorophyll. The divisions also 
take place only in two instead of in tliree directions, thus de- 
veloping, not into a sphere, but into a plate of cells. They 
iiliimately resolve themselves into a bundle of naked primordial 
'-■■'Us (fig. 1, a), each consisting of a thicker but elongated body, 
iri which the chlorophyll has been transformed into a reddish 
■ "lliw pigment, and of a long colourless beak, to the base of which 
-!■■ Jitachedtwo very long vibratile cilia, and where also is a red 
rjiiocle or eye-spot (see figs. 4, 5, 6). The whole audrogoni- 
I ;iiii may now be considered as an antheridium enclosed in a 
. kitinoua envelope, each of the naked protoplasmic bodies 
-iiig a motile autherozoid or spermatozoid. About the same 
tt 2 
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time that the gTHOgonidia have matured into oogonia, and their 
protoplasmic contents into oospheres, the movements of the 
vibratile cilia attached to the antherozoids b^n to set the 
whole antheridimn in motion, in the positions indicated in fig. 
1, a, a' ; the antheridimn soon breaks up, and the separate 
antherozoids are seen in rapid independent motion within the 
gelatinous envelope of the antheridimn (fig. 1, a*), which thqr 
ultimately break through, and then move about rapidly in all di- 
rections within the cavity of the mother-colony. Their movements 
are described by Gohn as being remarkably beautiful, the cozi- 
stant curvings of the elongated neck of the antherozoid being 
compared by him to those of the neck of a swan. They assemble 
in large numbers round the oogonia, and some of them finally 
penetrate through their gelatinous envelopes (fig. 1, 6*, fig. 7), 
and coalesce with their protoplasmic contents or oospheres. The 
fertilised oosphere is now an oospore, and developes a new cell- 
wall, the epispore, which is at first smooth, but afterwards 
covered with conical elevations, giving a section of it a stellate 
appearance (fig. 8). A second perfectly smooth membrane^ 
the endospore, is subsequently formed within the first. The 
chlorophyll gradually disappears, and is replaced by an orange- 
red pigment dissolved in oil, so that the mature oospore, while 
still enclosed within the motherKK)lony, is of a bright red colour, 
giving the red tinge which Volvox often presents, even to the 
naked eye, at certain periods of the year. Individuals containing 
oospores still enveloped in their spiny coatings were described 
by EhreDberg as a distinct species, imder the name of F. stdlatus. 
The nimiber of sexual reproductive cells in a colony of Volvox 
varies greatly ; Cohn has observed five or more male and about 
forty female cells. 

Soon after the oospore reaches maturity, the mother-colony 
breaks up, single cells escaping firom the combination and swim- 
ming about freely in the water ; their further history is unknown ; 
while the oospores fell to the bottom and there hibernate. Their 
further development has only been observed by Cienkowski, who 
states that the contents of each spore break up into eight spheres 
which ultimately swarm out. 

Ehrenberg described two species of VolvoXj V. globator and 
V. stellatus, both of which he considered to be infusorial ani- 
malcules. These have been determined by Cohn to be different 
stages of the same species, the former in its parthenogenetic? 
the latter in its sexually reproductive condition ; Ehrenber^^ 
Sphceroavra Volvox is also another form of the same specieB* 
His Volvox aureus^ and Stein's F. wjmoTy are considered by 
Cohn to form a distinct sub-species of F. globator^ differing 
from the typical form in the colonies being of a smaller size, ai^^ 
dicecious instead of monoecious, and in the epispore of tb^^ 
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oospore being smooth. The mode of fertilization of the latter 
form has not yet been directly observed. The genus is cosmo- 
politan, having been found throughout Europe, in North Africa, 
India, and North America. 

The old femily of Volvocineae, which included the genera VoJr' 
v(Kc, EudoTina, Pandorina, Oonium, and StephanoaphcerOj is 
placed by Sachs, in the 4th edition of his ^^ Lehrbuch," under the 
Zygosporeas, and in the section characterized by the conjugation 
of zoogonidia (swarm-spores or zoospores). It is evident, however, 
that the family, as so constituted, cannot be maintained, and Ros- 
tafinski's classification must be accepted as preferable, retain- 
ing those genera which 'exhibit the conjugation of swarmnspores 
as a family of Zygosporese imder the name of Pandorinese, while 
the true VolvocineaB are placed in the class of Oosporese,* in 
which the process of impregnation consists in the coalescence of 
<me or more minute spontaneously motile antherozoids which 
escape from an antheridium, with a comparatively large oosphere 
ooDtained in an oogonium. The process indeed bears a very 
dose analogy to the mode of fertilization in one of the highest 
{unilies of Oosporese, the Fucacese. The family Volvocinese, as 
thus constituted, includes at present only the two genera Volvox 
asd Evdorina. The structure and developmental history of 
tie latter have been described by Carter .f 

* This is the course followed in M'NaVs recent class-book of botanical 
dMnfication. 

t " Annals of Natural History," 8rd series, Vol. ii. 1858, p. 237. 

EXPLANATION OF PLATE V. 

Fig. 1. A monoecious colony of Volvox globatarja^ a', a*, antheridia ; 6, 6*, 
Sptogonidia ; ^, &^, ooepheres. 
Fig. 2. Ciliated peripheral cells. 

Fig. d. €t^ Parthenogonidia in successive stages of division. 
Fig. 4. Complete antheridiimi. 
F^gs. 5 and 6. Antherozoids. 

F!g. 7. Oosphere containing antherozoids (see also %. 1, &*). 
Fig. 8. Fertilized oosphere. ^ 

All the figures highly magnified. 



ON SOME RECENT CONTRIBUTIONS TO THE THEOBY 

OF THE MOTION OF THE MOON. 

Bi E. NEISON, P.B.A.8. 

A QUARTER of a century has now elapsed since the late Pro- 
fessor Hansen, of Seeberg, near Gotha, completed hi» 
elaborate researches on the motion of the moon, and h» m» 
enabled to announce that the hinar theory as developed by him 
fully represented the motion of the moon during the preceding 
century 1750-1850, Professor Hansen had then been at work 
on this recondite subject for nearly thirty years, and had won s 
high reputation, not only from the ingenious and powerful 
methods he had devised for attacking the most difficult prohlesH 
of gravitational astronomy, but also from the entire mastetj 
over the minutest details of the lunar theory which he had shown 
by Ilia discovery of two inequalities of long period in the motioB 
of the moon due to the attraction of the planet Venus. Thi» 
announcement of Professor Hansen's coming from so hi^ an 
authority was most gratifying to astronomers, for it showtd "" 
after one hundred years' work science had at last gained > 
plete mastery over oneof the most difficult problems of astrononj 

The discovery by Professor Hansen of the existence of " 
two terms of long period was a step of the greatest importaa* 
for it appeared to completely remove the last great difficulty ' 
the lunar theory, a difficulty which hod been puzzling astroW 
mers for many years ; and it has been termed by Sir G. JlitJ 
" one of the greatest steps — perhaps the greatest step — in gr»ri 
tational astronomy." For years it had been known thattb 
moon was at times before, and at other times behind, the plw 
in its orbit which it should have theoretically occupied. It lac 
further been shown that this alternate retardation and accelei» 
tion was periodical in its charsicter, and that it required aboil 
ninety years to proceed from one extreme to the other. Ihi 
difference, moreover, was not unimportant, for at one time tb 
moon would reach any fixed point in its orbit more than half i 
minut« before its theoretical time, and at some other period i 
woidd be over half a minute later than the time fixed by then] 
And what rendered this inequality the more perplexing 
astronomer? was the fact that they could not imagine any sou 
from which it was even possible that there could arise sndi 
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nequality. That it did not arise from the attractioD of the 
im appeared to be certain from t)ie investigations of Laplace, 
'lana, Poisson, and Pontecoulant ; that so large an inequalitj 
8 this was due to the attraction of the planets seemed to be out 
f the question ; and it did nut appear possible that it could be 
ue to the attraction of the earth. It was left for Professor 
tansen to discover its origin in an nnlooked for source, namely, 
1 the attraction of the planet Venus. He showed that this 
lanet, from its attraction on the earth and its satellite, pro- 
uced two terms of long period in the motion of the moon ; by a 
H^ and laborious calculation lie conaputed the value of these 
enus; and he showed that the combined effisct of these two 
erms of long period exactly accounted for that observed in- 
qnality in the motion of the moon which had so long perplexed 
Btronomers. 

The first of the two new t«nns in the motion of the moon 
fhich were discovered by Professor Hansen was principally due 
o the direct attraction of Venus upon the moon. From a 
cmarkable nimierieal relation between the motion of the moon 
n its orbit and the motion of Venus and the earth around the 
mo, for one hundred and forty yeara at a time the action of 
fenus on the moon tends to increase its distance from the earth 
ind 80 render its motion around the earth slower, whilst tor the 
Mit one hundred and forty J^ears exactly the reverse action takes 
[ilice. Thus from the direct attraction of Venus on the moon, 
Mr satellite moves alower round the earth for one hundred and 
Ibrty years, so that at the end of tliia period it is behind its 
mean place ; and then for the next one liundred and forty years 
it moves quicker round the earth, and gets correspondingly 
before its mean place. This may be called the direct term of 
long period. The second term of long period discovered by 
Professor Hansen arises from the indirect action of Venus upon 
the moon. Sir G. Airy had discovered in 1828 that from the 
ittraotion of Venus upon the earth, this last body would alter- 
nately move in a rather larger or smaller orbit than it would 
lisve were it not for the attraction of Venus. He showed that 
for one hundred and twenty years the earth would be rather 
more distant from the bud, and for the next one hundred and 
twenty years, rather less distant from the sun, than would be 
otherwise the case. Professor Hansen now showed that this 
■oiild cause a sensible variation in the motion of the moon. 
From the disturbing action exercised by the attraction of the 
•na, the moon cannot move round the earth so quickly as it 
*oiild otherwise do. During then the term of one himdred and 
twenty years, when the earth had its distance from the sun in- g 
leased from the attraction of Venus, the action of the sub I 
decreased, and the moon is enabled to move more quickly ion I 
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the earth, and at the eod of the one hundred and twenty yei 
has gained an appreciable amount, whilst for the one hundi 
and twenty years when the earth i^ nearer the sun the revei 
phenomenon takes place. This term may be called the indln 
term of long period. The importance of these terms arisea fr 
their eSecta being cumulative for so many years, that altfaou 
very small, at the end of the long period in which thej act 
one way they accumulate to something considerable. 

It was generally considered by astronomers that Profef 
Hansen had succeeded by this means in removing the I 
difficulty in the theory of the moon, and Sir John Heisc 
remarked in his address to the Royal Astronomical Socii 
" that their discovciy may be considered as a practical com] 
tioD of the lunar theory, at least for the present astronom 
age, and as establishing the entire dominion of the Newtot 
theory and its analytical applications over that refractory sa 
lite." This view received ftill confirmation when it was fo 
that Hansen's "Tables de la Lune," based on his inveetigat 
accurately represented the motion of the moon. It appei 
certain that the difficulties of the lunar theory were at 
mastered. 

Unfortunately this sanguine view has been foimd to be ] 
mature ; unexpected difficulties have sprung up in the U 
theory, and Hansen's "Tablta de la Lune," which ao well re 
sented the place of the moon during the inten^al 1730-11 
have become seriously inaccurate, and are rapidly becoD 
more and more erroneous. It is certain, therefore, that thei 
still some serious deficiency in the theory of tlie mooo w] 
formed the basis of Hansen's " Tables de la Lune." It is tl 
fore a matter of the greatest importance that the lunar tb 
should be rendered more perfect and the tables of the n 
made more accurate. The practical importance of thia i 
great that it is probable that before long steps will be take 
the anthorities of both the American and English Nau 
Almanacs to empirically correct the tables, so as to rendei 
tabular places more accurate. 

It is now generally known that Hansen, to make his ti 
represent the motion of the moon during the interval 1' 
1850, was obliged to give empirical values to the coefficien 
the two terms of long period which he bad discovered to Iw 
duced by the action of Venus. Hansen considered he 
justified in doing this by the circumstance that these empi 
values enabled his tables to represent with accuracy the m< 
of the moon dining the century prior to 1850. for it apw 
most improbable that the tables could represent the motu 
the moon for a whole century and yet fail to contiooe to P 
sent it. The tables, however, did not continue to r 
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motion of the mooB, and have been steadily deviatiag from the i 
tnitb, until at the present time they show most serious and in- 
creasing errors. It is, therefore, certain that at least one, if not | 
hoth of the empirical values wliich Hansen assigned to these two 
terms of long period must be erroneous. What then are the i 
correct values, as Hansen's are wrong ? Many of the recent 
contributions to the lunar theory have implicitly turned on this 
point. 

The late M. Delaunay was the first to take up this subject, 
for he was unsatisfied with the manner in which Professor 
Hansen had dealt with these terms of long period. Delaunay 
had then been engaged for t^i years on the theory of the moon, 
and he liad devised an entirely original method of attacking the 
problem. This new method which he employed was most 
tl^nt and ingenious. Instead of attacking the problem all at 
• ■tax, he showed that it was possible to divide it into several 
liundred simpler problems, and to solve each of these separately. 
Each of the many hundred different perturbations to which the 
motion of the moon is subject was taken by itself and its in- 
fluence separately calculated. By this means he had to deal 
with over a thousand simple operations, instead of two or three 
dozen much more complex operations. This new method is in 
practice very laborious, it is very liable to errors, and it requires 
miich skill and experience in its use, but its analytical elegance 
Md advantages won a high reputation for M. Delaunay. More- 
oter, in his skilled hands it proved a most successful means of 
atlacking the problem, for he was enabled by its means to carry 
the lunar theory to a degree of perfection far beyond any of his 
predecessors. 

Delaimay applied this method to the determination of the 
^iies of the two terms of long period which had been discovered 
^7 Hansen to be produced by the attraction of the planet 
''enua. He considered, first, the one which is due to the direct 
sctioB of Venus on the moon ; and in his calculations he neg- 
lected the effect of the small inclination of the orbit of Venus, 
t^cause he considered that it would not be of any consequence. 
"t found that this first term of long period would be very small, 
^nd he announced that Hansen's value was more than fifty times 
^ large. He was induced, however, to re-examine his invea- 
^Jgations, and, to render them somewhat more complete, he took 
into accoimt the small inclination of the orbit of Venus. This 
new result he found very different from the previous, for it 
*peed closely with the value found by Hansen. The small 
Mtclination of the orbit of Venus which he had thought to be of 
'^ importance proved to be the very cause why the attraction 
of Venus was able to so much disturb the motion of the moon. 
"The value for this term of long period which Delaunay had thus 
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calculated was found to agree well with the value 
assigned to it by Hansen, bo that this part of Hansen's tabla 
vas confirmed. It is true it differed from the complete theo- 
retical value which Hansen had found for this term, but thii 
waa of Blighter moment, for Hansen himself had expressed i 
BtroDg doubt of its accuracy. 

Delaunay proceeded next to the determination of the ralne 
of the second term of long period, namely, that which results I 
from the indirect action of VenuB. He calculated the value of I 
this by the same method as before, but taking care to consider i 
the effect of the inclination of the orbit of Venus, he announced i 
that he made the value of this term less ihan oue-hundredth of I 
that assigned to it by Hansen. This was a most important 
matter, for if Delaunay was right in his conclusion, the tables i 
of the moon calculated by Hansen must be seriously inaccurate, I 
for without this terra which Delaunay declared was so greatlj i 
in error, these tables would not represent the motion of the I 
moon with any accuracy at all. At this period, however, the i 
tables of the moon did represent its motion with considerable i 
accuracy, which appeared to be a strong indication that Hansen i 
was right, and not Delaimay. Moreover, it has been mentioned 
that Delaunay employed his new method of attacking the lunar 
theory in determining the value of these inequalities, and this 
rendered it difficult for those un&miliar with it to follow his 
calculations. It was only when Hansen's tables of the moon 
were seen to be developing serious errors that general attention 
was turned to Delaunay's investigations. 

Professor Newcomb, of Washington, was the next to take 
up the subject, which he in timi examined by a method of con- 
siderable novelty, but he has not published the details of his 
investigatioDs. He was able, however, to completely coafirm 
the resiUts which had been arrived at by Delaimay, It appeared 
certain, therefore, that Hansen's tables were wrong. By this 
time, however, this last fact was unquestionable, for the tables 
were rapidly dennting from the real place of the moon, and it 
was obvious that there was some grave imperfection in Hansen's 
work. 

In 18(3 Sir G. Airy pointed out that the theoretical inves- 
tigations of Delaunay and Newcomb appeared to render it 
certain that Hansen's second term of long period, namely, that 
mainly due to the indirect action of Venus, had no right to be 
present in his tables. He therefore directed hia attention to 
detennining whether it was possible after removing this term 
to make the tables represent the motion of the moon by suitably 
correcting certain of the elements of its orbit. Sir G. Airy 
found, however, that this was not possible. Even after applying 
the best possible corrections, there remained outstanding errors 
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of such magnitude that he felt convinced that there must Btill 
exist some serious defect in the lunar theory as developed in the 
theoretical basis of the tablt^s. 

Professor Newcomb has lately completed an elaborate inveati- 
gation of the earlier observations of the moon. He takes fop 
his data a number of eclipses of the moon, which are quoted by 
Ptolemy in his " Almagest," a still larger number which were 
oheen-ed by the Arabians during the ninth and tenth centuries, 
and a number of observationB of eclipses and occultations which 
were made by different astronomers during the aeventeenth and 
early part of the eighteenth centuries. The greater niunber of 
these last liave remained unpublished since the time they were 
made, and were discovered by Professor Newcomb when examin- 
ing the archives of the Paris observatory. These last constitute 
'the basis of a most important contribution to astronomy, for by 
carefully reducing them Professor Newcomb has been enabled to 
deduce with considerable acciuitcy the observed place of the 
moon for epochs much anterior to 1750, where previously had 
terminated our exact observations of the moon. In fact, by 
means of this investigation of Professor Newcomb, astronomera 
can trace back the observed path of the moon with some 
exactitude to 1675, and with less certainty to 1620. Professor 
Newcomb has made use of the data furnished him by this inves- 
tigation for the purpose of ascertaining how far the observed place 
of the moon agrees with Hansen's tables for the period anterior 
to 1750. He shows that they fail to do so, and that for epochs 
prior to 1750 Hansen's tables are as discordant with observation 
as they have proved to be for epochs subsequent to 1850. 
Assuming with the Astronomer Royal that one of Hansen's terms 
of long period ought to be rejected. Professor Newcomb then 
endeavours to ascertain what corrections must be introduced to 
make the tables best represent the observations. He shows that 
the mean motion of the moon must be decreased by nearly 
thirty seconds in a century, and the value of the secular 
acceleration of the mean motion be decreased by nearly one- 
third of the amount assigned to it by Hansen. Even, however, 
when the tables are thus corrected in the best possible manner, 
there remain such large outstanding errors that Professor New- 
comb comes to the same conclusion as Sir G. Airy, that there 
is fitill some serious defect in the lunar theory. 

Professor Newcomb draws attention to the fact that these out- I 
standing errors can be entirely accounted for by supposing that 
the earth is subject to periodical inequalities in its rotation on 
its axis. For some years it bad seemed to Professor Newcomb 
that this was the most probable hypothesis on which to explain 
these deviations between theory and observation. As he points 
out, it would be a most serious and unwelcome one, for, granting 
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its truth, it would be no longer jwssible to predict the 
motion of the moon, since the changes in the rotation of' 
earth could not be expected to follow any determinate Uw 
Further investigations have led Professor Newcomb to th4 
gratifying conclusion that we may yet hope to find the soured 
of these deviations in the effects of the attraction of som4 
member of the aolar system. Closer examination of tbe out- 
standing errors showed Professor Newcomb that they could U 
explained by a new periodical teiTQ with a period of about 2M 
years. This is very nearly the period of the term of long perio( 
which was discovered by Professor Hansen to he produced by ihi 
direct action of Venus on the moon. It occurred to Profess^ 
Newcomb that by slightly changing the eonstanta in this ten 
the outstanding errors might be reduced. The result was mos 
striking. This term, like the other inequality in the motion c 
the moon, has for its argument a quantity proportional to tlj 
time added to a constant quantity ; and Professor Newcomi 
found that merely by changing the sign of this constant pari < 
the argument, all the considerable outstanding errors dif 
appeared. It is, in ^ct, merely necessary to make this sligl 
change, and Hansen's tables, when corrected as previously me^ 
tioned, well represent the motion of the moon from 1625 | 
1875. This led Professor Newcomb to examine whether thei 
was not some accidental mistake in the sign of this constai 
quantity, but he found that it was perfectly correct. It i 
therefore, a mere chance that this change of sign of this quantil 
causes the outstanding errors to disappear in this way. I 

These investigations of Professor Newcomb very clean 
establish the following conclusions. Firstly, that Hansen wi 
entirely wrong in the value which he empirically assigned ( 
one, at least, of the terms of long period in the motion of tl 
moon, which arose from the attractions of Venus. Secondlj 
that if Delaunay's value of these terms be correct, there st^ 
remains to be discovered at least one more term of long peri^ 
in the motion of the moon. Thirdly, that if both Hansel 
tabular value and Delaunay's theoretacal value be wrong, it 
possible to satisfy the observations without supposiag any ni 
term to exist- 
Quite recently another contribution has been made to til 
subject, which places the theory of these terms of long peril 
in an entirely fresh light, and opens a means of reconciling tl 
contradictory results obtained by two such distinguished aatij 
nomers as Hansen and Delaunay. Hansen never published i 
account of the manner in which he theoretically calculated tl 
cumplete value of these terms of long period, but finding ti 
jte arrived at by different methods to be irreconcilable, I 
nied publishing his investigations until he had complctj 
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a tbird calculation. It ia understood that this third iovestiga- 
tion was never completed. It ia well known, however, that 
H&nsen would not admit the correctness of Delaunay's results, 
although he never stated his reasons for considering them to he 
imperfect. Little importance, however, seems to have been 
attached to Hansen's refusal to admit that Delaunaj'e researehes 
invalidated bis own, because it seemed natural to suppose that 
)iad Delaunay's investigations been imperfect, Hansen would 
have at once pointed this out. It has always seemed to me that 
Hansen must have bad some very good reason for his objection 
to Delaunay's residts, but that he was waiting until he had 
completed bis third investigation of this difficidt problem. 
Moreover it has already been mentioned that Delaunay employed 
his OWL peculiar method of attacking the problem, bo that 
one who was not perfectly familiar with this new method would 
not readily follow the research. The last contribution to this 
sabject opens the question- — are Delaimay's investigations com- 
plete? This is a most important matter, for if Delaunay has 
"mitted to take into consideration the whole of the problem, it i 
is Rasy to see not only why there should be a diEFerence between 
Hansen's and Delaunay's results, but why Hansen refused to 
admit the accuracy of Delaimay. 
I hi his investigations Delaunay has very carefully calculated , 
I the efiect of the attraction of Venus on the moon, and the 
-ffert nf Venus upon the earth, and in this way indirect effect J 
n the moon. The manner in which the planet thus produces I 
!!!f(]uabtiea in the motion of the moon has been already I 
''■■tailed. In these calculations Delaunay baa carefully taken I 
into consideration the fact that, owing to the difference in the 1 
sttraction of the sun upon the moon and earth, the moon in its | 
notion around the earth is affected by numerous inequalities. I 
In all this work Delaunay's results are perfectly accurate. Be- I 
yond this Delaunay has not gone, and this really comprises the ! 
entire direct way in which Venus influences the motion of the j 
ooon. It has also been shown that from this action of the I 
planet Venus for over a hundred years at a time, the moon I 
niOTes in a very slightly larger orbit, than it could were there no I 
Venus to attract it, and that this ia then followed by a similar I 
period in which the moon moves in a proportionately smaller J 
Wbjt, What Delaunay has not taken into consideration is the | 
Wy in which the action of the sun upon the moon will be ' 
•rocted by this alternate enlargement and contraction of the 
Orbit of the moon arising from the action of Venus. It is known 
^i the slower the moon revolves around the earth, the more 
PowerfiU is the disturbing action of the sun and the greater is 
we power it has of enlarging the orbit of the moon. During 
*ie period, therefore, when the attraction of the planet Venus 
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has enlarged the orbit of the moon, this body will move slower 
around the earth, the sun will have greater power over it and 
■will be able to still further enlarge the orbit and cause the 
moon to revolve still slower around the earth. As this action 
will continue to accumulate for over one hundred years at a time, 
at the end of this period it may amount to a considerable 
retardation of the moon. From this effect of the attraction of 
the Hun on the effect produced by the attraction of Venua, 
exactly similar inequalities will be produced to those arising 
from the action of the planet alone. From certain expressions on 
the part of Hansen it seems that he has not failed to take these 
circumstances into accoimt, whilst Delaunaj has entirely omitted 
to consider them in his investigations, so that his researches 
must be held to he imperfect. It is evident, therefore, that 
further research will be required to satisfactorily determine the 
value of these two terms of long period, and to decide whether 
Delaunay or Hansen is correct, or whether either ia. And 
until this ia done the theory of the terms of long period in the 
motion of the moon must be held to be in an unsatisfactorf 
condition. 

It is well known that the mean motion of the moon is at 
present slowly increasing, so that there is a gradual acceleratioa 
in the velocity with which it moves around the earth. This 
secular acceleration was discovered by Halley, a celebrated 
English astronomer, and for many years the greatest mathe- 
maticians were unable to discover its cause. In 1787, however, 
Laplace discovered that from the slow change in the eccentricit; 
of the orbit of the earth, the mean motion of the moon woult 
have a gradual secular acceleration, and on calculating what it 
would be, he found it would amount to rather over 10" in a 
century. Now this was exactly the amount of (he observed 
acceleration which had been discovered by Halley. Laplaoe'a 
discovery appeared, therefore, to completely account for this 
observed acceleration of the velocity of the moon's revolution 
Eiround the earth. Twenty-five years ago Professor Adams dis- 
covered that when the calculations were carried to a higher order 
of accuracy than had been considered necessary by Laplace, it 
very much reduced the value of the secular acceleration due to 
the decrease in the eccentricity of the orbit of the earth. At 
the time this discovery of Professor Adams gave rise to a very 
animated controversy, but it is now certain that the views of 
Professor Adams are perfectly correct, and that the secular 
acceleration in the mean motion of the moon which is due to 
the decrease in the eccentricity of the orbit of the earth, does 
not amount to more than 6*2" in a century. 

Professor Hansen, when he compared his tables with the 
ancient observations, found that they indicated a value of (j), 
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colar acceleration of 12-2", or nearly double that which hag 
ceived a theoretical explanation. This leaves a difference of 
' per century in the secular acceleration whose origin had to 
I found. Newcomb and Delaunay both suggested that perhaps 
lia difference between the oiwerved and theoretical values of 
le secular acceleration might be only apparent, and that the 
ifference might be due to a gradual increase in the length of 
le day. It was pointed out that if the earth be supposed to 
B slowly retarded in its axial rotation, the day will he longer, 
ad aa the moon will advance further in its orbit in the space of 
tie day, it wil! appear to have a secular acceleration. An in- 
reaae in the length of the day of only one thousandth part of a 
»:ond in a century would amply account for the difference 
etween the theoretical and observed secular acceleration. It 
emained to be shown what would produce this retardation of 
he earth's 'axial rotation. Both Newcomb and Delaunay sug- 
[esled that it might arise from the action of the tides, which, 
ly their friction on the solid crust, might prove to be the origin 
if this decrease in the velocity of the rotation of the earth. 
)elaunay attempts to show, mathematically, that it was possible 
or the tides to produce this effect. It cannot, however, be said 
bat this attempt was successfid. 

Thia assumed retardation of the axial rotation of the earth 
isd its hypothetical origin in the friction of the tides of the 
•oean against the earth, have been very generally accepted, and 
LTe very commonly employed for purposes of scientific argument, 
a if their truth had been rendered highly probable. It is, 
lowever, important to remember that it has never yet been 
ibown in a satisfactory manner that it is even possible for the 
ides to retard the rotation of the earth to a sensible extent. 
iloieover, as will now be shown, it is still most uncertain that 
ihere is really any retardation to be Eiccounted for in this way. 
ItmoBt not be forgotten that the value found by Hansen pre- 
jUppoees that his tables are correct, but it has been seen already 
mt this is not the case. The late investigations of Professor 
Jewcomb afford much valuable information on this subject. 

Ii has been already mentioned that Professor Newcomb, 
'ben correcting the data employed in Hansen's tables, found that 
be value of the secular acceleration which had been employed 
ught to be diminished by one-third. According to him the 
ilue 8-4" is that which best represents the observations, and 
bese observations are more trustworthy than any previously 
nude use of. Thus it is evident that the greater part of the 
uppoaed difference between the values of the theoretical and 
ilwrved secular inequality arises from the imperfect nature of 
■be observations which hitherto have been made use of, together 
"itb the effect of the empirical term employed by Hansen to 
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bring his tables info accord with observation. In det^rmimng 
the correction to the secular acceleration employed by Uaaeen, 
it would appear that Professor Newcomb hat: attached cooBider- 
able weight to the very earliest set of observations in bis list 
It is almost certain, however, that there is some serious impe^ 
fection in this set of observations, for they are entirely discordant 
with the remainder of the early observations, which areti^eiaUy 
eonsistejit with each other. As it is, Professor Newcomb ttu 
been unable to make the corrected tables represent this set irf 
observations within nearly 16', whilst it very materially iutM* 
feres with the other observations. For tliis reason thia earliest 
set of observations may have proportionately less weight attached 
to it. 

Under these conditions it will be found that without ma- 
terially interfering with the accuracy with which the modem 
observations (1625-1875) are represented, tlie ancient obs«r- 
vatione, including l>oth the Arabian and the observations qnot«d 
by Ptolemy, can be much better represented by still fiirther 
decreasing the value of the secular acceleration employed by 
Hansen. In fiict, the value which best accords with the whole 
series of observations is 7'2", or within 1" of the theoretical 
value of the secular inequality. This reduces the supposed 
retardation of the rotation of the earth to a very slender foun- 
dation. 

Professor Newcomb points out the very important fact that 
the more recent observations indicate a value for the secular 
acceleration much less than that indicated by tlie earlier one& 
In fact, the Arabian observations are best represented by the 
theoretical value of the secular acceleration, which ia 6'2", while 
the ancient observations quoted by Ptolemy require the value 
7'4". This would seem to point to the existence of soniB 
periodical inequality. For some time it has appeared to me 
that the observations indicated the existence of a large term of 
very long period in the mean motion of the moon. This view 
is now confirmed by these investigations of Professor Newcomb. 
Such a term would require to have a period of over two thou- 
sand years to have a sensible effect on the secular acceleration. 
I have already shown that terms of this long period do exist in 

Lthe mean motion of the moon. It remains to show that one of 
these terms has a coefficient of sufficient magnitude. Assuming 
the existence of such a term, and it can l>e shown that it would 
not only account for the difference between the values of the 
secular acceleration indicated by the modern and ancient obaer- 
vations, but it would remove the remaining difference between 
the observed and theoretical values of the secular acceleration. 
For this purpose the term would have to have a period of about 
3,600 years, and a coefficient of under two minutes of ato. 
i 
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Then oorrecting Hansen's terms of long^ period in the manner 
suggested by Professor Newcomb, diminishing Hansen's value of 
the mean motion by about forty seconds per century, and em- 
ploying the theoretical value of the secular acceleration, the 
modified tables will completely represent the observations both 
uicient and modem. Indeed, by slightly altering the period of 
the term of long period, its coefficient might be much reduced, 
and it would still represent, with tolerable accuracy, the ob- 
servations. 

These considerations show that recent investigations go far 
to remove the supposed discrepancy between the value of the 
secular acceleration in the mean motion of the moon which is 
given by theory and by observation. They are sufficient to 
Bhow that there is no necessity to assimie any retardation in the 
rotation of the earth due to firiction produced by the tides of 
the ocean. 

In connection with the American expeditions for observing 
the transit of Venus, it became necessary to examine the cor- 
rections to Hansen's tables of the moon given by the observations 
made during the period 1862-1874. After applying various 
slight corrections to the diflferences between the observed and 
tabular places of the moon. Professor Newcomb was surprised to 
find systematic errors outstanding which could not be repre- 
sented by corrections to the elements of the lunar orbit. At 
first he was inclined to attribute them to irregularities on the 
«ur&ce of the mDon, but a more careful examination showed 
that they were periodic. Further investigation showed Professor 
Newcomb that they arose firom small variation in the eccen- 
tricity and longitude of the perigee of the lunar orbit, this 
variation going through all its changes in a period of nearly 
seventeen years. Owing to these variations the moon would be 
periodically accelerated or retarded in its orbital motion by 
about three seconds of time. Professor Newcomb was unable 
to offer any explanation of the origin of these periodical vari- 
ations. It has since been shown that they arise from the 
attraction of Jupiter on the moon in its revolution around the 
earth. 

From the attraction of the sun upon the moon in its revo- 
lution around the earth, a great inequality is produced in the 
niotion of the moon, firom which its position in its orbit is 
dtemately increased or decreased by nearly three hours. This 
great inequality was discovered by Ptolemy, and was subse- 
quently named the evection. Every planet, by its attraction, 
produces a similar term, although much smaller; so much 
<nudler, indeed, that it was generally thought that they would 
be too small to be ever detected. In general, this view is per- 
fectly correct, and it would also be the case with Jupiter were 
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it not for the fact that Jupiter and the perigee of the lunar 
orbit have nearly the same period of revolution. Owing to thiv 
the influence of Jupiter on the motion of the moon is very mucli 
augmented. It has also been discovered that Jupiter produced 
a rtill larger ineqxiality in the motion of the moon, one twice ) 
great as that discovered by Professor Newcomb, and having 
period of more than seventeen years. This new inequality abo 
derives its ma^^tiide from the commensurability in the periods 
of revolution of Jupiter and the perigee of the lunar orbit, » 
from this reason the attraction of Jupiter continues to accumu- 
late for nearly nine years at a time, amcunting, at the end oT 
this period, to an effect of appreciable magnitude. 

A most able paper has been recently published by Mr. C, W. 
Hill, a mathematician connected with the American Nautical 
Almanac, in which he calculates the portion of the motioo 
of the hinar perigee wliich is independent of the eccentricity 
and iuclinations of the orbits of the sun and moon. Tlie 
theoretical determination of the motion of the lunar perigeebw 
always been a task of considerable difficulty, so that even the 
best strictly theoretical value of the period of revolution of the 
perigee around the limar orbit differs from the obsor\eci ralue 
by about live minutes. This is a very considerable amount in 
the present advanced condition of the lunar theory, seeing that 
theory gives within a few seconds the same value as the observed 
period of the revolution of the line of nodes of the lunar orhit. 
Mr. Hill devised an entirely new method of determining the 
motion of the lunar perigee by skilfully utilizing some of the 
later developments in mathematical analysis. In this manner 
a very accurate value for the motion of the lunar perigee wa* 
obtained. In England, Professor Adams had independently 
arrived at the same metliod of solving this problem, and hehait 
moreover determined the rate of motion of the line of nodes in 
tlie same manner. In these papers a most important contri- 
bution has been made to the limar theory, for they open a meaM 
of determining the values of the inequalities in the motion ™ 
the moon which promises to be of great value. ItB intricacy, 
and the great lalwDiu^ it involves, will probably however, restrictt 
its use to special cases. 
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ra former article in the PoptUar Science Review^ attention 
was drawn to the importance of a dose examination of the 
outlines of the various forms of cloud, and the instances selected 
finr observation were the "electric cumulus,'^ the "anvil" 
doud, and the " festoon " cloud, these being among the most 
striking examples in respect to outline, and possessing at the 
same time considerable value as weather prognosticators. Un- 
fortunately the illustrations which accompanied that article 
were aoddentally omitted, and sketches are therefore appended 
to the present paper for future reference. 

At tiie present time we propose to bring before our readers 
some other forms of cumulus of somewhat rarer occurrence, 
and for the most part attendant on imsettled weather. 

In the first place, then, we call attention to a form which 
may be denominated " pyramid cumulus." Strictly speaking, 
it should be ^^ inverted" pyramid cumulus, as the point or apex 
is generally downwards toward earth, or inclined at an angle 
with the horizon. The mass of the cloud, which is often very 
irregularly shaped at the larger end, partakes for the most part 
lai^ly of the character of stratus or nimbus, and the surface 
is often marked by sinuous lines, which radiate from the apex 
upwards (fig. 1). 

The cases in which I have observed this form of cloud have 
generally been during a thunderstorm, about its climax, or 
after the rain has b^un to tall ; one of the most striking in- 
stances, from which the illustration was taken, occurred during 
a storm which discharged itself about thirty miles from the 
point of observation, near Liverpool. Like the ordinary elec- 
tric cumulus,* the pyramid cimiulus sometimes rises to a great 
elevation, and is visible at a vast distance, when the lightning 
may be seen darting and playing about its surface ; thus indi- 

* See sketch, p. 247 ; and <' Joumd of Meteor. Soc.** January 1872. 
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eating the violeoce of the storm over which it hovers, whil< 
the weather in tlie neighbourhood of the observer may I 
perfectly fine.* 

This cloud derives interest from ite evident connexioi 
with that conical or funnel-shaped form of cumulna whid 
attends the formation of a waterspout ; and thus gives an indi' 
rect confirmation to the theory that this latter phenomenon i 
a result of electrical action. It seems quite evident that tli< 
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violent, action, both on the water and ou the atmosphere, wtuol 
ia exerted by a waterspout, and the tremendously rapid more 
ment of the particles, can only result from the presence of a^ 
force acting with enormous power at a limited distance. 

To aflTord a raison d^etre for this phenomenon, and for that 
of the sand-pillar, from the ordioary mechanical laws regulatiu 
large masses of air, seems an obvious impossibility. But it maj 
he objected that, if the pyramid cumulus and other cognate cloaa 
forms are due to electric action of the air or vapour particles, how 

cue of this land occurred about ilie jeai 1 800, and waa describ 
« " Intel lectiuU ObBerver," 
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does it happen that the surfiice of these clouds and their general 
cmtouT do not change more lapidly F To this it ma; be replied, 
tlut if an obeerver were so placed as to obtain a distinct and 
near view of the component partidea of the cloud, he might 
(md probably would) obeeire a vei^ rapid motion among 
ttiem. For, at a distance of several miles, appearances are 
very deceptive as to material composition,* movement of par- 
tides, &c. ; and it is also plain that identity of vi»U>U form at 
two different moments is no proof whatever of an identity of 
the component particles, or (perhaps I should say) of a con- 
tinuity of composition. Take, for example, the rainbow, which 
exhibits such exquisite symmetry and such apparent stability 
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of form as altogether to preclude the idea of change or motion, 
■hile it is well known that the bow and its colouring are due 
to refraction of light through a constant loicc^ssion of falling 
drops, so that not only do two persons see diSerent rainlxjws, 
lot no one can see the same rainbow two moments ti^ether. 

In the symmetrical marking which the pyramid cumulus ri»- 
nunes at time:', we have a remarkable resemblance to that which 
i) occasionally taken by the whirling sand-pillar of the desert, 
"hen tbe latter takes a compomid form. A kind of complex 

A niigiUar pbeooiDeiioD msv often Ije nolic^ in coDiwctioii witli th» 
Wl of win, which hw not be«i fully expMaed, vii. : the darting to uid bo 
rftaull puticlM among the lat^rr dropt, lOie minute inowSakea flitting 
•Iwui m detknoa of grsviiAtjon. 
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whirlwind is evidently the originating force, but whether the 
direction of the currents is originally upwards or downwards I 
must leave to other observers to detennine. Perhaps we may 
find the true explanation of some of the more striking cloud 
forms in the action of two vapour currents of different densitieB 
meeting each other ; but in the cases we have just considered, 
where a rapid motion is observed while the atmosphere all 
around is still, I think we may find a solution by applying the 
principle of correlation of forces, i.e, in the generation of elec- 
tricity by heat or evaporation. The " festoon ^ cloud (fig. 2) 
which is commonly seen before squally weather and with a 
falling temperature, may, however, be due to ascending cur- 
rents of vapour meeting colder currents of air descending 
towards the earth. 

This may, perhaps, be also the origin of the next form of 

Fig. 3. 
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a. Ordinary Forms. 



DBOPPING UMULUB. 

h. Accidental varietieB in the ihape of a dumb-bell. 



cumulus which we take for examination, viz., the "dropping" 
cumulus (fig. 3). I am not aware that previous writers have 
considered this a distinct species ; but it deserves to be so re- 
cognized for two reasons, viz., its value as a weather prophet 
(indicating wind and rain); and the curious inquiries which 
it suggests concerning the coherence of cloud masses, and the 
relation which the forces that determine this coherence bear to 
that of gravitation. A very ancient writer"^ has pointed out the 
scientific problems involved in this adjustment of mechanical 
laws, as yet far from solution. 

There is a close affinity between this form and the " festoon " 

* Book of Job, chap. xzzriL v. 16. 
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'Ciload : Uie latter ought perhaps to be regarded as a variety of 
Uie " dropping " cumulus. The most curious characteristic of 
the cloud we are now considering is its manner of hanging down 
^luhmse towards the earth {fig. 3). It appears at times to 
have a hollow space within ; for a kind of outward shell may be 
«en to form in the first instance, gradually developing from a 
vapoury strip or band, and rapidly assuming a semi-cylindrical 
shape (almost that of a bolster), and acquiring at last a full 
rotimdity of outline, I have observed several masses formed in 
this way, parallel to each other, and all in different stages of 
development. 

One day last autumn I saw several masses of this cloud (off 
Kamsgate), November 8. On the two following days there was 
a gale ; the first being also very wet. 

Among the accidental varieties of " dropping" cumulus, two 
«nrious forms may be noted : viz, that of a double cone and of a 
dumb-liell (fig. 3 6). The last-mentioned may be closely allied 
to the " anvil " cloud, but is looser in tezture and generally more 
rapid in motion and change of form. 

It has been remarked by some observers that the character- 
istics of the rarer clouds are very local, but it must be borne in 
mind that the same result will be observed where the coruUtioiia 
are the same. The varieties which we have just been con- 
ridering have been seen by me in various parts of England, 
and I have taken notes for many years, chiefly in the neigh- 
bourhood of Liverpool and of Ipswich. 

There Beems to be a difference in the average altitude of 
-clouds on the west and east coasts of England, those of the hitter 
having the greater elevation. The estuariea of the Mersey and 
of the Dee present a very interesting field of observation ; the 
varieties of cloud being uumeroua, the changes of form rapid, 
and the gradations of colouring and of light and shade rich and 
deep. To account for these phenomena we have : 1. The irre- 
gularity of the coast^line, with two considerable rivers lying 
close together; 2. The hills of North Wales; 3. The inter- 
mingling of currents, and the evaporation from the Gidf Stream. 
The part of East Kent — Wz. that between Sandwich and Dover 
— in which I have lately made observations, presents finer effects 
in Ihe rich glow of the upper sky, especially before simrise and 
after sunset; a clear yet soft and rich goldeu light, into the 
deptiu of which the eye seems to penetrate, at tirnea intensely 
beautiful. This glow was seen on several occasions in November 
last, 1877. The purity and depth of the ruby-tinted cirro-stratus 
at sunset is also very noticeable. The fine effects of cloud about 
Liverpool were, I believe, well known to Turner, who spent 
many a day making studies in the district. The excess ^M 
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vapour arising from flats and sandbanks gives a hazy and delicate 
e£fect to the light, very suggestive in a picture. 

With regard to these differences of atmospheric effect caused 
by change of locality, it appears that such change is found rather 
in the grouping, elevation, and effects of light and colour, than 
in the forms themselves, though there are certain forms, no 
doubt, perfectly local, especially in mountainous districts. These 
generally owe their origin to geographical configuration ; and 
their study lies as much within the province of the physical 
geographer as that of the meteorologist. In passing, however, I 
may remark that the curious disc or cap which is seen near the 
peak of some mountains, and which maintains its form in a 
breeze of wind, must have its particles in rapid motion ; being 
caused by the continuous impact of vapour currents upon a 
colder stratum, which determines condensation and visibility. 
This is a good example of the principle stated above, that iden- 
tity of visible form at two different moments is no proof of 
continuity of composition. The flame of a candle, which cannot, 
chemically, remain the same two moments together, affords 
another iUustration of this. A cloud, like the human body, may 
often be likened to an eddy. Physiology teaches us that the 
body is sustained by a constant motion of particles drawn in 
from external som^ces and passed off again after undergoing a 
change of form ; yet no one doubts his possessing the same body 
which he had, say, ten years ago. The saying, that '* sameness " 
must not be confounded with " this-ness " and " that-ness," or 
identity, in its strictest sense, is applicable in both cases. Every 
cloud, as has been remarked by Espy, is either a forming or a 
dissolving one ; but I think we may extend this, and say that 
some clouds are both " forming " and " dissolving " at the same 
time : e.g., cirro-cumulus forming from cirrus and melting into 
nimbus. 

But we now pass on to consider a form of cumulus which if 
associated with very wet weather, and which I do not think ha« 
yet bad a distinguishing title accorded to it. This I propose tc 
call the " high-rain " cumulus. It is not a common species, and 
is mostly seen in autumn and spring. It deserves the name thai 
I have given it, on account of the tremendously heavy showen 
that attend its appearance and the great elevation which it 
often attains. Unlike most forms of cumulus, which it is besi 
to observe when somewhat near the horizon, so that the vertej 
may be seen in outline, this cloud reveals its characteristic! 
best when almost overhead. Let the reader picture to himsel 
a mild, muggy day in spring or autumn, everything soaking 
with recent showers, with heavy, lumpy-looking cumulus hang^nj 
about the horizon, and a drift of flattish, irregular cirro-cumulu 
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oocapying the upper stratum.^ Some of the masses of cumulus 

will be observed to throw off limbs or projections which swell 

out) and, ascending almost to the upper drift, seem to creep 

oyer the zenith much in the manner of a thunder-cloud when 

the electricity is gathering just over the place of observation. 

The cloud then forms into a kind of sheet (as seen from below) 

with rounded outline, and the edge broken with many small^ 

enrling indentations, somewhat like the leaves of several plants. 

The lower portion has a flat appearance, as if repelled, rather 

than attracted, by the earth. The elevation is considerable, and 

the tint of the cloud a dirty grey or slate*colour. 

This kind of cloud frequently forms in enormous masses, as 
may be seen from its great altitude and the manner in which it 
spreads out towards the horizon ; but, though much flatter in 
form than most varieties of cumulus, its sur&ce is often broken 
or nodulous, like that of hail cumulus or electric cumulus when 
these are ready to discharge their contents. The peculiar form 
of the species we are considering is probably due in part to the 
saturated condition of the lower atmosphere at the time of its 
occurrence ; and I have given to it the special designation of 
"rain" cumulus to indicate the excessively wet weather that 
it is generally associated with. 

One of the most remarkable facts in connexion with atmo- 
spheric phenomena is this — that certain characteristic forms of 
cloud find their habitat within a certain zone, or at certain dis- 
tances from the earth's surface. Taking the three main types 
(and omitting stratus), we find them usually in the following 
order, ascending from the earth : 1. Cumulus. 2. Cirro-cumulus, 
3. Cirrus. The second of these appears to be an intermediate 
stage between cirrus, the ice-cloud in its normal state, and 
cumulus; or between cirrus and nimbus; and it has a very 
great range of altitude. Thus it might appear to be an excep* 
tion to the law, that form depends partly on elevation ; but it 
will, I think, be admitted that, as a general rule, it occupies a 
region lying between that of the other two species. But there 
are doubtless relations existing between the banks of cloud 
themselves which affect the question of form, as well as mere 
height above the earth. This especially would be the case where 
there was strong interchange of electrical action. 

But whatever may be the cause of the fact we speak of, one 
thing in connexion with it deserves attention, viz., that any 
decided deviation from the law is significant of a disturbed con- 
dition of the atmosphere, and may be indicative of approaching 
storms. Let us take two cases to illustrate this : In very 
thundery weather, the two great tjrpes of cloud show a tendency 

* See remarks below on the relative height of different species of cloud. 
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to interchange their places in regard to altitude ; that is to say 
-cumulus rises to an abnormal height, and cirrus descends to an 
unusually low position. This may generally be verified by 
watching the course of a thunderstorm ; when the peaks of the 
first-mentioned cloud may often be observed, at a great distance, 
thrusting their pale yellow pinnacles into the azure of the 
heavens, long before the first muttering of the storm is heard, 
.and while the mass of cloud is far beyond the horizon. On the 
other hand, when the hurly-burly is over and tho rain has ceased, 
masses of nimbo-cirrus may at times be seen throwing up their 
.silvery crests and ciurling over the earth like gigantic bikers. 
This last-mentioned appearance, which has a splendid effect, is, 
I believe, never seen except in thundery weather, or rather 
during electrical disturbance, and it is not easy to account for 
the existence of such forms by the action of wind. This remark 
applies also to what we may call ^^ star " cirrus ; that is, cirrus 
streaks radiating from a common centre in all directions (a fonn 
of cloud also connected with thunder-storms) ; and to that form 
which resembles the feathering of an arrow — parallel rays run- 
ning from both sides of a common ads. 
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(CaiUinued Jrom p. 164.) 



Historical Eyidxhcs. — Sootlaxd. 

IN a preceding page it was incidentally remarked that the wolf 
survived in Scotland to a much later date than was the case in 
England. The reason is pretty obvioos. Long after the animal 
liad been extirpated in England the condition of the country in 
North Britain remained eminently suited to its nature. Vast 
tracts of forest and moor, rugged and well«nigh impenetrable in 
parts, entire districts of unreclaimed and uncultivated land, the 
absence of roads, and the consequent difficulty of conmiunication 
between scattered and thinly populated hamlets, long contributed 
fo shelter the wolf not only from final extinction but from the 
incessant persecution which had driven it from the south* 

The aspect of the country in Scotland at the date to which 
^e refer may be imagined from a remark of John Taylor, the 
^ater Poet, who in 1618 travelled on foot from London to 
Edinburgh. When visiting Braemar, he says, ^ I was the 
^pace of twelve days before I saw either house, cornfield, or 
i^bitation of any creature, but deer, wild horses, wolves, and 
Buch like creatures, which made me doubt that I should never 
h&\'e seen a house again." 

It must not be supposed, however, that the wolf at any 
time lived unmolested in Scotland. As the herdsman's foe, it 
^as always regarded as a beast to be pursued and killed when* 
ever and wherever practicable, and from the earliest times the 
chase of the wolf was considered by kings and nobles to be one 
of the most exciting and enjoyable of field-sports. 

We learn from Holinshed that Dorvadil, the fourth king of 
the Scots, ^ set all his pleasure on hunting and keeping of 
houndes and greyhoundes, ordayning that every householder 
should find him two houndes and one greyhounde. If a hunter 
chanced in following the game to lose an eye or a limme, so 
that he were not able to helpe himselfe after that time, he made 
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a statute that he should be founde of the common trea;siiry. He 
that killed a wolf should have an oxe for hie paines. This beast 
indeed, the Scottish men even from the beginning used to puniw 
in al they might devise, because the same is suche an enoniti 
to cattayle, wherein consisted the chiefest portion of all their 
wealth and substance." " 

Of a later king, Ederus, we are told that his "chiefe delighte 
was altogyther in hunting and keeping of houndes and grey- 
houndes, to chase and pursue wild beastes, and namely the woolie 
the herdsman's foe, by means whereof his advancement vat 
muche the more acceptable amongst the nobles, who in those 
dayeswere whollyegyven to thatkyndeof pleasm'eandpastynie,''f 

Ferquhard II., who died a.d. 668, is said to have proved » 
bad a king that Colman, Bishop of Lindisfame, declared the 
vengeance of God would overtake him. " And sure his woidee 
proved true : for within a moneth after, as the same Ferquhanl 
followed in chase of a wolfe, the beast being enraged by purauite 
of the houndes, flew back uppon the king, and snatching at him, 
did wounde and byte him righte sore in one of his sides, immedi- 
ately whereupon, whether through anguishe of his hmt,orby some 
other occasion, he fell into a most filthie disease" (phthiriasis).! 

The sport enjoyed in Scotland in former days must have 
been incomparable. Bellenden, the translator of Hector Boece, 
Gays, that in the forests of Caledonia there were " gret plente 
of hiiris, hartis, hindis, dayis, rais, wolffia, wild hors, and toadle," 
(foxes), and he particularly mentions "the wolffi^" as being 
" rycbt noysum to the tame bestiall in al! partis of Scotland," 

In the reign of Malcolm IV. (1153-1165) Hobert de A\-enel 
granted to the monks of Melrose the right of pasturage in hi« 
lands in Eakdale, reserving to himself the privileges of the 
feudal baron, to pursue the wild boar, the deer, and the stag. 
One of Ms snccessora questioned several of the claims to which 
the grantees considered themselves entitled, and it was ulti- 
mately decided in 1235, in presence of King Alexander II., that 
they had no right to hunt over the lands in question, and ffffe 
restricted from setting tiaps, excepting for wolves.^ It 
that, in order to protect their flocks, the monks of Melrose wer* 
in the habit of setting traps for wolves as early as the reign 
William the Lion (1165-1214). || Wolfclyde, a part of the 
barony of Cidter, in Lanarkshire, passed by grant to the Abb^ 
of Melrose in 1431.f 

* HoHn«hed'9 ObroaicleB of Scotlaud, 1677, pi 

t Holinabed, torn, cit, p. 27. J Holinahed, p. 148. 

§ Morton's Monaatio Annals of Teviotdale, pp. 273, 274. 

ChalmerB' Caledoaik, li. p. 132. Chart. " ' 

Morton, op. cit p. 276. 
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In a grant of Alexander II. (1214-1249) to the monks of 
Meirose, in Ettrick Forest, mention is made of " Wulfhope," a 
name rtill familiar in the Bouth of Roxburghshire. " 

In 1 283, there was an allowance made for one hunter of wolves 
at Stirling, t 

In 1427, in the reign of James I. of Scotland, an Act waa 
passed for the destruction of wolves in that kingdom. Further 
Acts with the like object were passed in 1457, in 1525, and in 
1577. The Act of 1525, however, is merely a modernized ver- 
eion of the law of 1427, which is referred to in the statute %( \ 
1577 as " the auld act made tharon." 

The law required " that ilk baron within his barony in 
gangand time of the year sail chase and seek the quhelpes of 
wolves and gar slay tbem. And the baron sail give to the 
man that slays the woolfe in his barony and brings the baron the 
bead, twa aliillings. And when the baron ordains to hunt and 
thase the woolfe, the tenants sail rise with the bai'ou. And 
that the barons hunt in their baronies and chase the woolfes four 
limes a year, and als oft as onie woolfe beis seen within the ■. 
barony. And that na man seek the woolfe n-ith schott, but j 
allanerly in the time of hunting tliem." The duly of sum- 
moBing the people for a wolf-hunt devolved upon the " schireffs" 

■r "bailyis," three times a year, between St. Mark's Day (April 
^'5tli) and Lammas (August 1st), for, as the Act states, " that 
ii the tyme of their quhelpes." The penalty for disregarding 

I this summons was " ane wedder," " quiatever be be that rysse 
not." On the other hand, it waa enacted that whoever alew a 
wolf "sail half of ilk householder of that parocbin that the 
I "oolfe is slayne within, a penny." 

The Act of James the Second's time (1457), provided that 
"they that slayis ane woolfe sail bring the head to the schireffe, 
hsillie, or baronne, and he sail be debtour to the slayer for the 
nimme foresaide. And quhatsumever hee bee that slayis ane 
woolfe, and bringis the bead to the schireSTe, lord, baillie or 
baroime, he sail have sex pennyes." J 

In some active instances, the exertion of the^e slatiites 
might have cleared local districts, and a remarkable example of 
success was given by a woman — Lady Margaret Lyon, Baroness 
to Hugh third Lord Lovat, This lady haWng been brought up 
in the low country, at a distance from the wolves, was probably 
the more affected by their neighbourhood, and caused them to be 
so vigorously pursued in the Aird, that they were exterminated 

■ OhalmerB' Caledonia, it. p. 132. 
t Innes' " Scotland in the Middle Agw," p. 125. 
I "Laws of tie Parliament of Scotland,", folio, 1781, pp. 18, 19. 
fdto Glendook's Scots Acts, 7 Jamea I, c. 104, and 14 James H. e. 88. 
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out of their principal hold in that range. According to tho 
Wardlaw MS., *' she was a etout bold woman, a great fatmtrew ; 
she would have travelled in our hilla a-foot, and perhaps out 
wearied good footmen. She purged Slouut Caplach of thi 
wolves." Mount Caplach is the highest range of the Aird 
running parallel to the Beauly Frith, behind Monisch 
Lentron. Though the place of the lady's seat is now forgotten, 
its existence ia still remembered, and said to have been at a 
where she sat when the woods were driven for the wolves, not 
only to see them killed, but to shoot at them with her 
arrows. The period of her repression of the wolves is indicated 
by the succession of her husband to the lordship of Lovst, 
which was in 1450, and it is therefore probable that tba 
" purging " of Mount Caplach was begun soon aft«r that dat#.* 

Such partial expulsions, however, had little effect upon 
general " herd " of wolvee, which, fostered by the great High- 
land forests, increased at intervals to an alarming extent. I>uri]^ 
the reign of James IV. (1488-1513), rewards continued to ht 
paid for the slaughter of wolves in Scotland, and we le&m thi 
value of a wolfs head in those days from the accounts of thi 
Lord High Treasurer-t For instance, under date **Octobei 
24th, 1491," we find this entry :— 
" Item, til a fallow brocht 
ye king ij wolfis in Lytbgow . . ■ Vs." 

In the time of James V, their nurobera and ravages 
formidable. At that period great part of Ross, Inverness 
almost the whole of Cromarty, and large tracts of Perth and 
Argyleshire, were covered with forests of pine, birch, and oak 
the remains of which continued to our time in Braemar, Inver 
csuld, Rothiemurchus, Arisaig, the hanks of I,och Ness, OWi 
Strath-Farar, and Glen Garrie ; and it is known from history and 
tradition that the braes of Moray, Nairn and Glen Urcha, tba 
glens of Lochaber, and Loch Erroch, t!ie moors of Raanacht 
and the hills of Ardgour were covered in the same manner.^ All 
these clouds of forests were more or less froquente<I by wolres. 
Boethius mentions their numbers and devastation in his tim6,§ 
and in various districts where they last remained, the traditiotu 
of their haunts are still &miliarly remembered. Loch Sloigh 

* MS. History of the FrMora, in the libmry of Lord Lovat (p. 44). i 
the carious account of the North nighluids caU«d the Wudlaw US. fai 
poBW«»ioD of Mr. TbompBOD, toventesH (p. 67), 

i Eitnicts from thene occounu will be found in Pitcaln' 
Triftla in Scotland," Vol. i. p. 116. 

t MacForlane'd OnigrtiiiliiciU Collections. MS. BikL Facult. Jurid. 
82, Quoted in Smart's " Lbjb of the Deer Forest." 

C Scot. Hiiit. (oL 7. 
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and Strath Earn are still celebrated for their resort, and in 1848 
there were living in Lochaber old people who related from 
tbeir predecessors, that, when all the country from the Lochie 
to Loch Erroch was covered by a continuous pine forest, the 
eastern tracts upon the Blackwater and the wild wilderness 
stretching towards Rannach were so dense and infested by the 
rabid droves, that they were almost impassable.* 

In 1528 the Earl of Athol entertained the king, James V., 
with a great hunt which lasted three days. ^ It is said, at this 
tyme, in AthoU and Stratherdaill boundis, thair was slaine 
threttie scoir of hart and hynd, with other small beasties, sich 
as roe and roebuck, woulff, fox, and wild cattis." f 

A story is told of one John Eldar, a clergyman of Caithness, 
who journeyed on the death of James V. to England to present 
to Henry VIII. a project for the union of the two kingdoms. 
Being asked to explain the meaning of the name '^ redshanks," 
at that time given to the Highlanders, he said, '^ They call us 
in Scotland, ' redshanks,' please it your Majesty to understand, 
that we of all people can tolerate, suffer, and away best with 
cold : for both summer and winter (except when the frost is 
most vehement) going always bare-legged and bare-footed, our 
delight and pleasure is in hunting of red deer, wolvesj foxes, 
and graies [badgers'] whereof we abound and have great plenty. 
Therefore, in so much as we use and delight so to go always, the 
tender, delicate gentlemen of Scotland, call us ' redshanks.' " % 
Harrison, who wrote in Elizabeth's time, says that though 
the English " may safelie boast of their securitie in respect to 
wild animals, yet cannot the Scots do the like in everie point 
within their kingdome, sith they have greevous woolfes and 
cruell foxes, beside some other of like disposition continuallie 
conversant among them, to the general hindrance of their 
husbandmen and no small damage unto the inhabiters of those 
quarters." § 

William Barclay, who was a Dative of Aberdeenshire, and 
spent the early part of his life at the court of Queen Mary, 
accompanied her Majesty on an excursion to the Highlands, 
and has left a curious account || of a royal hunt at which he 
was present, and which was organized for the Queen by John, 
fourth Earl of Athol, in 1563. Two thousand Highlanders 
were employed to drive all the deer from the woods and hills of 

♦ Stuart 8 " Lays of the Deer Forest," Vol. ii. pp. 231, 232. 
t Robert Lindsay, " Chronicles of Scotland," ii. p. 346. 
X Pinkerton's " History of Scotland," iL p. 390. 

§ Harrison^s " Description of England," prefixed to Holinshed's " Chro- 
nicle," i. p. 378. 

II " De Refjno et regali Potestate," &c., 4to, 1600, p. 279. 
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Athole, Badenach, Mar, Moray, and the surrounding country. 
After mentioning incidentally that the Queen ordered one of the 
fiercest dogs to be slipped at a wolf — " Laxatua envra regince 
JU88U, atque immiseua in lupurriy insignia achnodum acferox 
canis^ — Barclay concludes his account of the " drive " with the 
statement that there were killed that very day 360 deer, 5 
wolves, and some roes. 

According to Holinshed, wolves were very destructive to the 
flocks in Scotland during tlie reign of James VI. in 1577. At 
this time they were so numerous throughout the greater part of 
the Highlands, that in the winter it was necessary to provide 
houses, or '^ spittals " as they were termed, to afford lodgings for 
travellers who might be overtaken by night where there was no 
place of shelter. Hence the origin of the Spittal of Glen Shae, 
and similar appellations in other places. 

Camden, whose ^^ Britannia ** was published in 1586, asserts 
that wolves at that date were common in many parts of Scot- 
land, and particularly refers to Strathnavem. 

"The coimty," he says, "hath little cause to brag of its 
fertility. By reason of the sharpness of the air it is very thinly 
inhabited, and thereupon extremely infested with the fiercest 
of wolves, which, to the great damage of the coimty, not only 
furiously set upon cattle, but even upon the owners themselves, 
to the manifest danger of their lives. In so much that not only 
in this, but in many other parts of Scotland, the sheriffs and 
respective inhabitants are bound by Act of Parliament, in their 
several sheriffdoms, to go a himting thrice every year to destroy 
the wolves and their whelps." * 

Bishop Lesley, writing towards the close of the sixteenth 
century, complains much of the prevalence of wolves at that 
period, and of their ferocity.t 

" About this time there was nothing but the petty flock of 
sheep, or herd of a few milk-cows, grazed round the farm-house, 
and folded nightly for fear of the wolf, or more cunning depre- 
dators." X 

Towards the end of the sixteenth and beginning of the seven- 
teenth centuries large tracts of forests in the Highlands were 
purposely cut down or burned, as the only means of expelling 
the wolves which there abounded. 

" These hills and glens and wooded wilds can tell 
How many wolves and boars and deer then fell.'' 

Oa(npbeir$ Gbampiaks Desolate, p. 102. 

• Camden, " Britannia,** Vol. ii. p. 1279. The editor, Dr. Gibson, Bishop 
of Lincoln, has a marginal note to this passage '' No wolves now in Scot- 
land " (1772). Gough's edition, 1787, Vol. iL p. 446. 

t ^' De Origine, MoriboB et Bebiu Scotomm.'* 

X Irvinfl's *' Scotch Legal Antiquities,'* p. 264. 



^*Od the Muth ade of Beam Xera, a bo^t |Be ina, vhkk 
extended fen tbe wetfcn haes of lat^her Is tbfr Bhck 
Water and tiw moeBes <tf R«— fh. «h b«aed to expel tW 
volfes. In tbe nei^bouriKiod of Lodt Ski, a tnot of «ooi» 
Dearly twenty milec in extevt was etmm^mi far tlw nne 
purpose." • 

John Taylor, tbe Wu» Poet, «bo made his " Funjlw Ptt- 
grimage " into Scotlaad m 1618, sav wolves in Bnenar. ]fe 
writes : " My good horA of 3Iar ha\nng put me into tlnpe, I 
rcKle with him from his boose, where I saw the rnios ct nM 
-astle, called tbe c&stle of Kiadrogbit. It via built liy Kisi; 
■^lilralm Canmore (for a buntii^ bouse), who reigned in Scot- 
nJ when Ed«*rd tbe Confessor, Harold, and Nomun Williant 
f igned in Engiaod. I ?peak of it because it was the last btxisv 
!hat I saw in those ports ; for I was the space of twelve dnj-s 
after before I saw either house, cornfield, or habitation of any 
creature, but deer, wild horses, wolvee, and such-like oteatun>^ 
which made me doubt that I should never have 5een a lioiis* 
again." t 

Years later, as we learn from Sir Robart Gordon, the 
was still included amongst the wild animals of Sutlierlnndshira. 
He says the forests and " schases " in that county wore " vorie 
profitable for feiding of bestiall, and delectable for bimliug, 
being full of reid deer and roes, worilffs, foxes, wyld catts, 
brocke, skujTells, wbittrets, weasels, otters, martrizes, )iareH, and 
fiunarta," t 

In 1621 the price paid in Sutherlandshire for the killing of 
one wolf accoi ding to statute was 6^ \Za. Ad. 
Wolf-skins are mentioned in 1661 in a CuHtoms KoU of 
F Charles II., § whence it appears that two ouncea of silver were 
paid " for ilk two daker." || 

Twenty years later, if we are to credit the statement of Sir 
Robert Sibbald, whose " Scotia Illuatrata" was piibUsliod in 1 684», 

• Notes to SnUeeki Stoftrt'e " Last Deer of Bfttim Diirnn." 8ff Ul 
'■ Poema " publiahed in 183S under the uoumed name of Jiiaii<i Ilnjt Allnn. 
t "The Pennjlee Pilgrimage, or the Monejlesse Pemmbulnllon uf Jnhn 
Tajlor, alias the Ring's Majealiei Water Poet. How \u\ IrAvailud on U«A 
&otn Loudon to Edenborough in ScutUnd. With Mm dMcHpUon ••( liU 
eotenaimnent in all place* of his j'lunie}' and a true report uf th* nnDiaUb*^ 
lUe hnntittg in the ^na. of Marre and liad«uoc!i in Scotland." iUt, I/rudullt I 
1881. I 

X " G«iieBl(i^cal Hiatory of the Esrldoni of Sutherland, htm lu origin Ml 
the year 1630." 
i St* Olendook*! " Sent* AcU, Cbarlw 11.," p. 36. 

\ Tbe woid "dalur" or "fckcr" ii itilJ in lue )a iba kUher lnd«, aal I 
meaiu a roll often ddsa. tt was aBdeuty sprit ''djkaT''OT "d/kkafi'Ml ' 
the maAet loti was a ftmef mA " djrker." 
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the animal had become estinct. His wonU are: Lvpi t 
freqiuintea erant, quidam diaia lU Cideilonm tvrais loqxkuni 
Sed horum geiius ileletum et ex inauld extermitiatnm eef." 

Pennaikt states that the wolf became extinct ia Scotland i 
1680, when the last of the race was slain by Sir Ewen Cameii 
of Lochiel. He adds that he had travelled " into almost eva 
comer of that country, but could not learn that there remaiiM 
even the memory of these animals among the oldest people." i 

Surtees gives the date of the death of the last wolf in Scotlft 
as 1682. t 

From more recent investigation, however, it is clear that a 
Robert Sibbald and Pennant were both mistaken, for not o 
were wolves slain in Scotland subsequently to 1680, but numei 
traditions concerning these animals survived in the country I 
at least as recent a date a^ 1848. 

Traditimi. — In a Gaelic forest lay " of a remote period, I 
date and author of which are uncertain," the wolf is thiu a ' 
to as inhabiting the ancient pine woods of Scotland :- 

" Chi mi Sgdrr-eild' air bruaich o' g-blinn' 

An goir a' cbuthag gn-bitm aa d6». 

'Ub (r6rm mbeaJl-Uld' nam mile gHibkas 

Nan liifi, nan eaj-ba, 'a nnn lun." 
" I see tbe ridge of bindii, the steep of the sloping glen. 

The wood of cuchoos at its foot, 

The blue height of n th'nujand pnes, 

Of icolves, and roes, and ellie."$ 

Other Gaelic names for the wolf are madadh allv/i 
monly used; /no/ cku, and alia mkadadh, all of which 
composed of an epithet and a word which now means dog.| 
is also called faal and mac tire, " earth's son." 1 

In Scrope's "Days of Deer-stalking" {p. 109) is related 
adventure with a wolf that happened to Macpherson of Bt 
kaely, when he had the charge of the Forest of Benalder, 
was furnished to the author by Cluny Macpherson, chief 
Clan-<'hattan. 

* " Scotia lUiistretA, sivo Pi'odromus Ilistorite NatunUis," folio, J< 
poiB ii. p. S). 

t " Briljflb Zoology," Vol. i. p, 86, and " Tour in ScotUnd," Vol. 1 
200. &* also Macaulfty'a "History of Englond," Vol. ii. _ 

1 "Huiory nnd Antiquitiea of the County of Duibnm," Vol. W.f,. Mi 

% From "The Aged Biud's Wiali," ginen in Stuart's " Lays uf the I 
Foreet," u. p. 9. 

;| nnlwrton'i " Enquiry into ibe Early ITiatory of Scolli 
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■phwira " Tttle? of ihe West IlighlandV Vol. i 



"He #aIUed forth one morning, as he was wont, in 'jueat ( 
leniion, accompanied by his servant. In the course of theiv 
iravel, they found a wolf den — a wolf being at that time by noM 
means a rarity in the forest. JWaepherson asked his servantl 
irhether he would prefer going into the den to destroy the cub«,T 
i^r remaining outside to guard against the approach of the old 
nes. The servant, preferring what appeared to he an imcertain 
''i a certain danger, said he would remain without; hut here 
^■andy had miscalculated, for, to hia great dismay, the dam 
J me raging to the mouth of the cave, which no sooner did he 
-■^6 than he took to his heels incontinently, without even warning 
ill? master of the danger. Ma^^'pherson, however, being an active, 
resolute man, and expert at his weapons, succeeded in killing J 
the old wolf as well as the cubs." F 

This Macpherson of Braekaely was commonly called Callum^ 
Beg, or Little Malcolm: and there is reason to believe that ho 
was one of tho^ who fought in the famous battle of the Inch of 
Perth in the reign of Robert III. (1390-1406.) 
In the districts where wolves last aboimded, says Stuart in 
"Lays of the Deer Forest," many traditions of their hia- 
I and haunts have descended to our time. The greatest 
imber preserved in one circle were in the neighbourhood of 
pStiath Earn. 

At Inver-Rua, on the Spean, and consequently within the 
Isfldd of Keppaeh, there lived a Campbell of the Slioched Chaileio 
Hhic-Dhonnacha, or Glen Urcha race. Although thus a tenant 
"f one of the principal branches ofthe Clan Donald, and removed 
'" the distance of forty miles from his ceajin tighe, he continued 
'o pay his *' calps " to his blooil chief, the Knight of Loch Awe. 
' ^bis tax was a heifer, which was paid annually, and it happened 
I one year that a short time before it fell due, the beast was killed 
on her pasture and half eaten by a wolf. Campbell left what 
remained to tempt his return, and on the following night, 
hatching the carcnse, he shot the wolf from behind a stone. 
Not being able, however, to afford another " calp," he flayed the 
dead heifer, and sent the torn hide to MacChailein ^[hic-Don- 
□acha, with a message that it was all which he had to show for 
his " calp ; " upon which the chief observed, that he had sent 
sufficient parchment to write his discharge, 

This is said to have happened in the time of Sir Duncan 
Campbell, called " Botmcha dubk a' Cttrrach\l" " Black 
Duncan of the Hood," so called from having been the last 
person of his riink who wore the old Highland hood in Argyle- 
shire, and who lived in the reign of James VI. (1567-160.1.) 

.Several traditions relative to wolves are evidences of the ac- 
curacy with which oral relations have been transmit.tetl through 
~ lany generations, which is esemplitied by the familiarity and 
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fidelity with whicb they retain alluBions to objectB and ciistotnh 
disused for two hundred years. 

An example of tfais occurs in an account of Ibe slaughter cF 
a remarkable wolf killed by one of the lairds of Chiahobn ' 
Gleann Chon-fhiadh, or the ^^'olves' Glen, a noted retreat of 
theste animals in the sixteenth centiuy. 

The animal in question bad made ber den in a " com, 
pile of loose rocks, whence she made excursions in every direc- 
tion until she became the terror of the country. At length the 
season of her cubs increasing her ferocity, and having killed 
some of the neighbouring people, she attracted the enterpnw 
of the Laird of Chisholm and his brother, then two gallant 
young hunters, and they resolved to attempt her destruction- 
For this they set off alone from Strath Glass, and haHng tracked 
her to her den, discovered by her traces that she was abrtud; 
but detecting the little pattering feet of the cuba in the sand 
about the mouth of the den, the elder crept into the chasm with 
his drawn dirk, and began the work of vengeance on the Utter. 
While he was thus oeciipied, the wolf returned, and infuriaUd 
by the expiring yelps of her cubs, rushed at the entrance, re- 
gardless of the younger Chisholm, who made a stroke at her 
with his spear, but such was her velocity, that he missed her» 
she dart«d past, and broke the point of his weapon. His brotheTf 
however, met the animal as she entered, and being armed with 
the left-handed Idmhainn-ckruaidh, or steel gauntlet, much 
used by the Highlanders and Irish, as the wolf rushed open- 
mouthed upon him, he thrust the iron fist into her jaws, and 
stabbed her in the breast with bis dirk, while his brother, strik- 
ing at her flank with the broken spear, after a desperate stmgglf 
she was drawn out dead. 

The spear and the left-handed gauntlet referred to in this 
tradition are arms mentioned by Spencer, Leslie, and other 
authorities, as characteristic of the Highlanders and Irish in 
the days of Queen Mary." 

It is true they retained the use of such ancient weapons ■> 
late as their muster called the "Highland Host" in l678.t 
But no such remains appeared at Cilliechranchie, and it is there- 
fore probable that the story has descended from the time of 
Charles II. 

Another story is on record of a wolf killed by a womaa at 
Cre-lebhan, near Strui, on the north side of Strath Glass. Sb» 
had gone to Strui a little before Christmas to borrow a girdlfr 

* Of. Spencer's " Views* of Irelnnd;" Derrick'a "Ima^ of ItelAod: 
Lealvi, "Be Oiigiiie, Mtirihua et Bebus Scotorum;" and & print ii 
Collection, Bodl, lib. G, si. 47. 

t Wodtow M8. Bibl. Facult. Jurid. icLt. No. 20, 



a thick circul&r plat« of iron, with an iron loop handle at one 
^ifie for lifting, and used for baking bread). Having procured 
it, and bt;ing on h<^r way home, she sat down upon an old c^Lrn 
to rest and go^ip with a neighbour, when suddenly a gcraping 
of stones and rustling of dead leaves was heard, and the bead of 
a wolf protruded from a crevice at her side. Instead of fleeing 
in alarm, however, " she dealt him such a blow on the skull wit h 
the full swing of her iron discue, that it brained lilru on tin- 
stone which served for his emerging head." 

This tradition was probably one of the latest in the district, 

and seems to have belonged to a period when the wulves were 

near tieir end. Their liwt great outbreak in the time of Queen 

led to more ^■igorous measures, which in tho time of 

les II. reduced their ranks to so Email a numlx-r tliat in 

le districts their extinction is believed to have followed soon 

tiat period. Thus, in Lochaber, the last in that part of 

country is said to have been killed by Sir Ewen Cameron in 

[1660, which Pennant misunderstood to have been the last of the 

aes in Scotland.* 

Some traditionary notices there are of the destruction of tbe 

last wolves seen in Sutherland shire, consisting of four old ones 

snd some wlielps which were killed about tbe xame time ut 

three diflferent places, — at Auchumore in Assynt, in Halladale, 

Md in Glen Loth — widely distant from each other, and as late 

«between the years 1690 and 17(K). 

The death of the lafit wolf and her cubs on the eastern coast 

■^ of Sutherland shire, says Scrope, was attended with remarkable 

fc 'Hrcumstances. 

" A man named Poison, of Wester Helmsdale, accompanied by 
l»i) lads, one of them his son and the other an active herdboy, 
tracked a wolf to a rocky mountain gidly which forms the 
fibtmnel of the bum of Slcdale in Glen Ixtth. Here he disco- 
vered a narrow fisaiue in the midst of large fragments of rock, 
which led apparently to a larger opening or cavern below, 
which the wolf might use as his den. The two lads contrived 
lo squeeze themselves through the tissiu'e to examine the 
JDterior, whilst Poison kept guard on the outside, 

" The boya descended through llie narrow passage into a small 
tavern, which was evidently a wolfs den, for the ground was 
covered with hones and horns of animals, feathers, and eggshells, 
and the dark gpace was somewhat enlivened by five or six active 
wolf cubs. Poison desired them to destroy these ; and soon 

* In the Sale Catnlogue of the " London Museum ' which waa diaposed 
of by auction in April 181f*, there is tbe fijllowinK entry : " Ijot 8S2. Wolf 
— B noble animal in s Urge glas.f case. Tlie last wolf killed iu Scoilnnd by 
~"r E. CaineroQ." 
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after he lieard tlieir feeble bowling. Almost at the same tima 
tu his great horror, he saw approaching him a full-grown woU 
evidently the dam, raging furiously at the cries of her young, 
As she attempted to leap down, at one hound Poison instim^ 
tively threw himself forward and succeeded in catching a firm 
hold of the animalV long and buehy tail, just as the forepart of 
her body was within the narrow entrance of the cavern. He 
had unluckUy placed his gun against a rock when aiding tba 
boys in their descent, and could nut now reach it. Without 
apprising the lads below of their imminent peril, the atout 
hunter kept a firm grip of the wolfs tail, which he wound 
round liis left arm, and although the maddened brute ecrombled 
and twisted and strove with all her might to force herself dowi 
to the rescue uf her cube, Poison was just able with I he exertion 
of all his strength to keep her from going forward. In 
midst of this singular struggle, which passed in silence, bis 
within the cave, finding the light excluded firom above, asked 
in Gaelic, 'Father, what is keeping the light from us?' *II 
the root of the tail breaks,' replied he, 'you will soon kntni 
that.' Before long, however, the man contrived to get hold oi 
his hunting knife, and stabbed the wolf in the most vital paxU 
he could reach. The enraged animal now attempted to tun 
and face her foe, but the hole was too narrow to allow of thi&^ 
and when Poison saw liis danger he squeezed her forward, keep- 
ing her jammed in, whilst he repeated his stabs as rapidly 
he coidd, until the animal being mortally wounded, was easily 
dragged back and finished. 

" These were the last wolves killed in Sutbcrhind, and the 
den was between Craig-Rhadith and Cruig-Voakie, by tli» 
narrow Glen of Loth, a place replete with objects connected 
with traditionary legends."" 

This story was related by the Duke of Siilherhind's 
forester in 1848 to Mr. J. F. Campbell, who has narrated it 
his " Popular Tales of the West Highlands," \' ol. i. p. 273. 

" Every district," says Stuart in his " I.ays of the DttT 
Forest," " has its *■ last ' wolf," and there were probably sevenl 
which were later than that killed by Sir Kwen Cameron.t The 
" last " of Strath Glass was killed at Gusachan according to tra- 
dition *' at no very distant period." The " last " in Glen 
Urchard on the east side of the valley between Loch Leiter and 
Sheugly, at a place called ever since Slochd a mliadaitUi, 
the wolfs den ; and the last of the Findhorn and also (as ther» 
seems e\ery reason to believe) the last of the species in Scot- 

• Scrope'a " Days of Deer SuUdng," p. 874. 
t A portnit uf this devoted partisaD of Ui« [ {<juh of Btuart was oxlulMtvd 
ot lh>> mtHting if the Britiifh Awwcintioii at Abci'dmu in 1360. 
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land, at a place between Fi-Giuthas &ail Pall-i^hrocun, 
nccordiDg to popular i-hroQoIog; no longer ago than the 
1743. The district in which he was killnl irw well calculated 
i<> have given harbour to the last of a Bara^e nee. All the 
juDlry round his haunt was an extent of wild sod deM^ate 
moorland hilli'. beyond which, in the we^ there waa retreat 
10 the vaet wilderness of the Monaidh-liitfa, an maae-aae tract 
»i desert mountains utterly uninhabited, and unfrMjuented 
I'icept by tritmrner herds and herdsmen, but when the cattle 
had retired abundantly replenished with deer aod other game, 
1} give ample provision to the " wild dogs." The last of their 
race wa^ killed by MacQueen of Pall-^hrocaio, who died ia 
>he year IT97, and was the most celebrat^-d *- cantacfa " of tbe 
KiDdhom for an unknown period. Of gigantic stature, rix feet 
^even inches in height, he was equally remarkalJe for bu 
strength, courage, and celebrity as a deer-stalker, and bad the 
liert " long dogs " or deer greyhounds in the country. One 
Tiiit(^r*»> day, about the year before mentioned, he reeeired a 
tneTsage from the Laird of Macintosh that a large ** lAack beait)" 
suppc^ed to be a wolf, had appeared in tbe glenf, and tbe day 
liefore killed two children, who with their mother were croMlog 
the hill^ from Calder, in consequence of which a "Tainchel" ot 
" gathering " to drive the country was called to nieet at a tiy«t 
abve Fi-Giuthas, where MacQueen was invited U> attjimd with 
bis dogs. He infonned himself of the place where tl>e ctiildren 
iuid bees killed, the last tracke of the wolf, and tbe i^^jajtxtutv* 
of his haunt, and promised his aadstance. 

In the morning the '* Tainchet " had long aiiremMed, ai>d 
Usclntosli watted with impatience, but MacQuM^n did n<>l 
Urive. His dogs and himself were, however, auxiliaries tvn 
important to be left l>ehind, and they continued to wait until 
the best of a hunter's morning wa» ffme, when at laat Im; 

appeared, and Macintosh received him with an irritable eEine»- 

sion of disappointment. 

"CUhI e a cliaf'hagf ("Wb&t viai. the hurry?") *aid be of 

Pall -&-chroeain. 

Macintosh gave an indignant retort, and all present made 

some impatient reply. 

MacQueen lifted his plaid and drew the bUok, bloody bead 

of the wolf from under his arm ! 

K**8in. e dhiiibh!" ("There it is for you!") said he, and 
Bed it on the grass in the midst of the aurpri«ed circle. 
Macintosh expressed great joy and atlmiration, and gave him 
i land called .Sean-achan for meat to hln dogn. 
Sir Thomas Dick Lauder, in bin " Acwunt of the Moray 
Floods of August, 1829," telU the story of the wolf killed in 
it district by SlacQiieen of Pall-iiH^hrocain, but lays the 
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scene of tie exploit in tlie parish of Moy in the county ol 
Inverness, which, although within the bounds of the ancient 
province of Moray, is far beyond the present limits of the forest 
of Tarn away. 

Sir Thomas gives the very words which MacQueen is said to 
have used in describing to the chief of Macintosh how he killed 
the wolf; " As I came through the slochk {i.e. ravine) by east 
the hill there," said he, as if talking of some evejyday occur- 
rence, " I foregathered wi' the beast. My long dog thsFO 
turned him. I buckled wi' him, and dirkit him, and syne 
whuttled his craig (i.e., cut his throat), and brought awa' hie 
countebance for fear he might come alive again, for they are 
very precarious creatures." In reward for his bravery, bis chief 
is said to have bestowed on him a gift of the lands of SeaD-.fr- 
chan ** to yield meal for his good greyhound in all time coming." 
Sir Thomas Lauder has preserved another tradition of UM 
extirpation of the wolf in Morayshire, when two old wolves and 
their cubs were killed by one man in a ra^djie under the Knock 
of Braemory, near the source of the Bum of Newton. 

In the old " Statistical Account of Scotland," edited by Sit 
John Sinclair, and publitihed in twenty-one vohiines between 
the years 1791 and 1799, a few entries relating to the wolf 
occur, but they are neither numerous nor im])ortant. Mr. J. A. 
Harvie Brown, who has lately examined the entire series <rf 
volumes for another purpose, has obligingly communicated the 
following particulars: *' The woods in Blair Athole and Strowan 
in Perthshire once afforded shelter for wolves (Vol. ii. p. 465), 
as did also the district around Cathcart in Renfrewshire (\'oL ». 
p. 347). In Orkney it appears they were unknown (VoL viL 
p. 546). The wilds and mountains of Glenorchay .ind Innishail 
in Argyleshire are noted as being formerly haunted by these 
animalri, whence they issued to attack not only the flocks but 
their owners (Vol. viii. p. 343). Towards the west end of the 
parish of Birse in Aberdeenshire there is a place in the Givat 
pians still known (1793) by the name of the Wolf-holm (Vol- 
ix. p. 108). Ubster, a town in Caithuei^s (from 'Wolfcter,' 
Danish or Icelandic) appears to have received its name either 
from its being of old a place infested with wolves, or from ft 
person of the name of Wolf (Vol. x. p. 32). In Banffshire the 
last wolf is said to have been killetl in the parish of Kirkmicbael 
^boiit 1644." (Vol. liL p. 447). 

Dr. Robert Brown heard a tradition in Caithness-shire that ths 
wood on the hiUw of Yarrow, near Wick, was cut down about 
the year 1 500 by the enraged dwellers in the district on account 
of its harbouring wolves, and that, the last wolf in that neigfa- 
boTirhood was killed between Brahster and Freswick in a hollov 
called Wolfsbum. 
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The place where the last wolf that iofested Monteitfa wis 
jDed is a romantic cottage eoutb-west of the mill of Milling, io 
e parish and barony of Port." 

" The de\"astations of Oliver Cromwell in the \"a-t oak and fir 
of Locbaber are well known, and in 1848 the old people 
all retained traditions of the native clearances in the iiame 
Ipenturir, when the great tracts imuth of Loch Treig and itpon 
Oie Blackwater were set on fire to exterminate the wolves.""! 

In the Edderachillis district, forming the western ponion of 
■what is called Lord Reay's country, a tradition emtc-d to the 
effect that wolves were at one time so numerous that in avoid 
tiieir ravages in disinterring bodies from their graves the inha- 
Iritaats were obliged to have recourse to the island of Haoda as 
a safer place of sepulture.} 

The Earl of Ellesmere, referring to an extract from the 
j()iin)al of his sou, the Hon. Capt. FrancU Egerton, R.N., 
mitten in India, and relating to an apparently well authenti- 
cated story of some children in Oude who were carried away 
and brought ap by wolves,§ isays : " It is odd that the same tale 
uliotild extend to the Highlands. I got a stoiy identical in all 
ita particulars of the wolf time of Sutherland from the old 
fbrester of the Keay, in which district Gaelic tradition avers 
that wolves so abounded that it was u.«ual to bury the dead tn 
tbe Island of Handa to avoid desecration of the gntvea." 

la like manner an island in Loch ^laree, Ros»-f>bire, was for 
^e same reason selected for a riimilar purpose. || 

On the western shores of Argyleshire the small isle of St. 
Hungo, still used as a burial place, has been appropriated to 
thin purpose from the days when the wolves were the t*-rror of 
^e land, the passage between it and tbe mainland oppotting a 
iarrier which they in vain attempted to cnmA 
In Athole it was formerly the custom to bury the dead in 
" IS made of five Saggtones to preserve tbe bodies from 
»olves.' • 

When treating of the wolf in England it was ob*<TTfed that 
nany names of places compounded of " wolf" indicate in all pro- 
lability localities where this animal was at one time common. 
?be same may be said of Scotland. Chalmers cites in Rox- 

• Nimmo's " Stirlinfrelure," pp. 745, 750. ^ 

t StUikrt, " Ia.vb of ihe Deer Forest," ii. p. 231. ^M 

t 'WUgon's " Voynge raund Scotland," Vol. L p. 346. ^H 

{ " Ana. and Mag. Nat. Hist.," Sad seriet, viii. p. l&i. ^H 

I] Maccullocli's " Westem Isle*," quoted in Cb&mbera' " Gaietleer of Scot- 
nd," p. 756. 

T Ooiwtable'a " F-dinb. Mug.," Nov. 1817, p. 340. 
•* " SlaUsdcal AMount of ScoUnnd " (1702), Vol. ii. p. 465. 
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burghebire, " ^^'olf-cleugll " in Roberton parish on Bortbwick 
Water; " Wolf-cleugh " on Rule Water; and " Wolfhope " on 
Catlee-bum, in Southdean parish,* to wliich may be added 
" Wolflee " or " Woole," on Wauchope-bum ; and " Wolf- 
keilder " on the Northumbrian border. There are also " Wolf- 
gill lamd," in the parish and shire of Dumfries, and " Wolfetan," 
in the parish of Pencaitland, East Lothian. f 

Craigmaddie, " the rock of the wolf," in the parish of Baldcr- 
nock, and Stronachon, " the ridge of the dog," in tbe parish of 
Drymen, point by their name to localities in Stirlingshira 
which were formerly the haunts of the wolf. 

Mr. Hardy states {I.e.) that on the farm of Godscroft a cum, 
now remo\'ed, was called " Wolf-camp," It may have been n 
wolfs den, or perhaps an ancient " meet " of the wolf bunten 
who were summoned by the sheriff in the days of the earlj 
Kings James. 

He adds that in 1769 there was a farm called "Bumbrae" 
and '■ Wolfland " in the parish of Neuthom belonging to Kert 
of Fowberry. The name seems to imply that it had been held 
in former times by the tenure of hunting the wolf, lands thu* 
granted being called "wolf-hunt lands," as already remarked 
under the head of the wolf in England. 

In 1756 Buffon was assured by Lord Morton, then President 
of the Royal Society, " a Scotsman worthy of tbe greatest 
credit and respect, and proprietor of large territories in that 
comitry," that wolves still existed in Scotland at that date. 

William Smeilie, the translator and editor of Buffon's 
" Natural History," thus comments on this statement (Vol. it. 
p. 210, note, 3rd edition, 1791), "We are fully disposed to 
give due weight to an authority so respectable and so worthj 
of credit ; but we are con\TDced that the Count has misappre- 
hended his lordship, for it is universally known to tlie inhabi- 
tants of Scotland that not a single wolf has been seen in nny 
part, of that country for more than a centiuy past," 

In asserting that this is " universally known to the inhabi- 
tants of Scotland " the translator and editor has erred in the 
other extreme, for, as has been already shown, wolves were 
killed in Sutherland within fifty years of the date of hi* 
remark and within thirteen years of the date mentioned by 
Buffon. 

It now remains for us to trace the history of the wolf i* 
Ireland. 

* ObalmerB* " Caledonia," Vol. ii. p, 132. 

t Hardy, "Proc. Berwickshire NaturoliBta' Club,' 1881, p, 2S1>. 
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ON THE RADIULAKIA AS AN ORDER OF THK 
PROTOZOA. 

Bt Sdegrok-SLuob 0. C. \\'ALIJCH, M.D., &c. 
[PLATE VI.] 



THE publication by Mr. St. George Mivart of an elabonfij 
memoir on the Radlolaria* is undoubtedly an event in t' 
Pmnals of biological literature. Mr. Mivart's reputation i 
eunest thiaker unci accompliabed writer, his otScial positioa 
in an illustrious society demoted to botany and zoology, and 
fus well-known antagonism to tbe " Bcieutific materialism " 
bribed by liim to a certain school of German and alao of 
British naturalists, are facts eminently calculated to add force 
811(1 authority to obsen-atioDS emanating from such a quarter, 
out, on the other hand, they are facts in like manner calculated 
fat^rially to enhance the difficulty of combating any such obser- 
Wtions, the accuracy of which it may become necessary to impugn. 
Unfortunately, on the present occasion, Mr. Mivart has not 
been engaged in chronicling researches carried on by himself; 
for, if report speaks correctly, he has never yet seen in the living 
or even the recent condition {from which alone trustworthy 
results can be seciu-ed) the angularly beautiful but fragile 
organisms whose biological relations be has no laudably, if not J 
iiltogetber successfully, undertaken to expound. fl 

It is true that )Ir. Mivart acknowledges at the outset that ^ 
" his aim has been to furnish a digest and ^-esuriie of the most 
recent researches on the Kadiohiria," and equally tnie that from 
first to last be has so faithfully adhered to his intention a« not 
to have made any attempt whatever to support his inferences* 
professedly original and comprehensive a« these often are, by a 
single personally attested obsen'ation. The bulk of bia memoir 
is in reality a rintjne of Professor Haeckel's researches on the 
subject, backed up here and there by nqiplementary facts 

* '-Note* tauthmg Bacwit BMBMche* on the BadioUri*.' Bf ScOcoige 
MJ TMt, 2^1ogie»l Scenrtuy, l-inf»*i> tjocktjt. Tbe " Jonnal of tibe Ijitnfwi 
^^' J," VoL xiv,, Ko. 74, iUy. IhTS. 
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gleaned from those of Cienkowslti, Grcef, Hertwig, and a few 
other continental naturalistB. From data supplied almost 
exclusively &om these sources, he has constructed a compendium 
of Kadiolarian characters, upoo which he hases his revised clasd- 
fication of this Order— an Order, let me ohserve. which, as now 
constituted, haa only once heretofore been surpassed in the utter 
incongruousoess of noany of its elements — that is to say, 
1838, Avhen Ehrenberg, the great pioneer of our knowledge of 
the lower forms of animal as well as of plant life, whilst the 
microscope was as yet little more than a toy, published his 
magnificent work " Die Infusionsthierchen." 

The names of a few British and American naturalists, accom- 
panied by a very incomplete list of their writings, are furnished 
at the close of Mr. JVlivart's memoir. As this, with one or two 
unimportant exceptions, is the only direct notice accorded 
them, it may be fairly inferred that his estimate of their laboun 
on the Radiolaria tallies with that recently expressed by the 
late Director of the "Cbailenger" expedition: namely, that "the 
Kadiolaria which play so important a part in supplying the 
materials for new geological formations are not vety famiUar to 
British naturalists." * 

It shall he my endeavour to bIiow, incidentally, in the course 
of the following remarks, that British naturalists have at any 
rate taken their fair share in the investigation, and have only 
acted with a commendable caution which might with advantage 
have extended further, in hesitating to devote their enei^es to 
the disentanglement of an assemblage of creatures which n 
day by day proving itself to he more thoroiighly arbitrary. Mr. 
Mivart would seem, however, to he unaware that until a raty 
recent date the Radiolaria, as recognized by the majority m 
British writers, comprised hut foiu- families, namely, the Acnno- 
pkryna, AcantkometriiLa, Polycyatina-, and TlialcmsicMida; 
that very detailed observations have been published by English 
writers on the morphological relations of each of these familiet ; 
and that it is to this hour an open, though I cannot believe a 
doubtfid, question, whether the Radiolaria, as constituted bj" 
Haeckel and now revised by Mr, Mivart, ought to be retaioM 
as a Natural Order of the Protozoa, or abolished as being t 
which is purely artificial, misleading, and conseq'iently i 
than useless. 

Professor Haeckel is known by those who have read his 
to he the unflinching advocate not only of the doctrine of Eva 
lution in its most advanced sense, but of Spontaneous Geiitrcb 

• "Voynge of the ' Chftllcnger.' The Allwitic." By Sir 0. W] 
Tlnttneon, Knt., LL.D.. D.Sc,, F.aS.S.L. & K., F.L.S., KQ.S.,&o., Vfli 
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tton* Imbued with an imquestioDing faith in the truth of 
these doctrines, he is a perfect Stoic in pressing them, through 
good report and bad report, to their final CDn«eqiiencea. Ko 
writer of the present century, except Ehrenberg, has added so 
copiously to the literature of the lower forms of animal life ; 
none has striven more zealously to make the most of his material. 
But I undertake to say none has been so blinded, both in his 
powers of observation and of deduction, by an overwhelming 
subseiTi-ience to preconceived hypothesis. 

As already stated, Mr. Mivart haa made Haeckel's writings 
the almost exclusive groundwork of his memoir. Under ordi- 
nary circimastances, and in default of personally acquired expe- 
rience, the ready adoption of the opinions of so distinguished a 
I naturalist would hardly be a matter for wonder. But when 
tJiere exist the strongest reasons for considering Mr. Mivart's 
ea-ndusioiiB as fallacious as many of the assumed facts upon 
thich he bases them ; and it can be fiulher shown that no 
uther writer has ever levelled a more severe indictment against 
Haeckel than Mr. Mivart himself within a quit* recent period* 
an appeal to facts rather than to mere authority cannot, I 
should imagine, be regarded as out of place. In order, there- 
fore, to put this statement beyond reach of question, I invite 
attention to the subjoinod passage, one only out of several 
eqially incisive, from Mr. Mivart'a volume on " Contemporary 
Evolution," piiblished just two years ago.f 

" Amongst the most recent manifestations of scientific 
materialism may be cited Professor Haeckel's 'History of 
Creation," Professor Haeckel is a very instructive writer, 
because his zeal for materialistic pantheism is so fiery that it 
hurries him sometimes into atheistic deduclimis from BVppoaed 
facte, which lati'r investigations prove to have been fioticms 
(e.g. the supposed organism BatJiyhiua Haeckelilt, too pro- 

* "The Hialory of Creation." By Professor Ernst Haeckel. Tranalated 
from the Cienuan. Vol. i,, pp. 234, 244, ond Vol. ii,, pp. 53, 278, &c. 

t " Contemporary Evolution." By 8t, Georgu Mivart. King- & Co., 
Lonaon, 1870. 

I Tlie writer of the preaeat article stood nbsoiutely alone, form any years, in 
his endeavour to expose this uioofitroiu fiction ; and so stroDg was thainfiuenca 
of a ^reat name, that his objectiooB, all of wbicL have since been fidly boma 
out, were discredited. On the other hand, Professor Ilaeckel (the selected 
sponsor foe this nidu* man*), Dr. Carpenter, aud .Sir WyTiUe Thomson, 
forthwith received it under their patronag*, and announcwl in the " Proceed- 
ings ' of the Royal Society, almost before the first echoes of Professor 
Huxley's discovery had died away, that they, too, had come across Balhybiun. 
liTinti, Bpreading out far and wide in one vast sheet over the entire bed of 
ocean, and b every particular answering- to the characters claimed for it. 
. Aa for Professor Haeckel, he lost not a day in 6gi ' 




aimed for it. ^r- 
deacribiug i^^fa^l 
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bably but a sea mare's-oeat, discovered hy Professor Huilcyi 
and appropriately named by him after his German alter ego) 
sometimes into a ludicrouiily exaggerated estimate of the philo 
sophical or theological consequences of elementary trtiths, e.gp, 
tliose of development." {Op. cit. p. 145.) 

Mr. Mivart has done me honour to mention in his list of work: 
on the Badiolaria, published since the appearance of Haeckel'i 
monograph "Die Radiolarien " in 1862, my " \orth Atlantia 
Sea-bed," published also in 1 862 ; my paper on *' The Structnn 
and Affinities of the Polycyatina," published in 1865 ; and my 
*' Observations on the Thalasaicoilid<E and CollosphcBridte,' 
published in 1869; the remark being appended to the 1 
notice that " no mention waa therein made of Hiteckel's monO' 
graph." It may be allowed me, therefore, to point out that 
my"N'orth Atlantic Sea-bed" was no(, as alleged (indeed the date 
Mr. Mivart gives sufficiently attests this), ii»ued after Haeckel'i 
monograph ; and that one reason alone deterred me from alluding 
to the latter in 1869 — a reason Mr. Mivart compels me now 
to divulge — namely, the desire ta avoid giving utterance to an 
opinion upon Professor Haeckel's method and the errors spring 
ing out of his "tieiy pantheism," which, if expressed at i", 
could not have fallen far short of Mr. Mivart's, or been so 
lightly formed as to become ao soon forgotten. Besides, had ha 
taken but a little more trouble in the perusal of my paper " Oft 
the Polycyati/iut." he would at once have seen that I therein, 
whilst referring directly to Haeckel's monograph, did my bcrt 
to explain, in most guarded and courteous language, ray diain* 
clinaUon to comment unbvourably on a method of building 
up a superstructure which appeared to me to be so foil o 
danger, 

I feel, therefore, that the time has arrived for demonstr&tinj 
the fallacy, on the one hand, of splitting up into a number o 
trivial groups, and genera, and species, an assemblage of or- 
ganisms so pre-eminently distinguished for an almost endlea 
tendency to variation as the whole of the Eadiolarian f ami Ufa 
and, on the other hand, of attempting (according to a ^ateo 

iicing »peeimen Be seen with bi« own eyes. Those who dwire to tn 
history of the rise aud fall of Uiis prodigious fiction will find it 
follow ing papei's : — 

" On the Vital Functions of the Deep Se« Protozoa," by O, C. 
M.D., *c,, -'Monthly Micr. JoHmul," J»iiuary, 180H, 

" On tho True Nature of iIib Bo-cfiiled Bathybtut" by the aanii 
" Annals nnd Mag. Xat. Ilist.' iot NovemW 1S75. 

"Deep Sea Researches— The Biography of QlobigoHna.'' by llu 
Autlior. John Van Voorst, London: 1876. 

"e Ooccosphere," by the same Author. "Annals," Apr. 1877, 
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growing far too prevalent with a certain class of naturalists) to 
aedgn a place in this already heterogeneous Biib-kingdom, to 
fiTeiy previously unknown microscopic structure that oceanic or 
freah-water sources reveal to us ; inasmuch as this system is 
already reducing the study of the lower forms of animal life to 
a state of chaos from which it will, probably, take years to re- 
cover. This must, I think, liecome manifest to anyone iairly 
versed in the literature of the subject, who will unprejudicedly 
fiamine Mr. Mivart'a memoir, keeping constantly in recollec- 
tion that the author is all the while dilating on observations 
made wholly by others ; and that the constant appeal, for pur- 
poses of diagnosis, to the most immaterial differences ; the as 
constant substitution of assumed for observed facta ; the holster- 1 
ing-up of most indefinite " definitions" by an array of quality- 
iog and relative terms, until at last they may be made to mean 
anything or nothing ; the creation of a ponderous, and not 
unfrequently not very classical nomenclature ; and, lastly, the 
inexcusable practice of re-naming organisms, or parts of organ- 
isms, already named, described, and even figured by prior 
observers, are, in the main, the work of a tfchool of Evolu- 
tionists who might, with reason have been expected to utilize 
tije motley Radiolarian assemblage, as being of all others the 
liest-fitted for the illustration of their doctrine. Yet, incredible 
though it may seem, the ataunchest believer in "Fixity of 
Species," if he happened to he unaware of the extent of variation 
to which the Khizopods generally are liable, could hardly have 
gone further in species-manufacture. And to make the matter 
still more wonderful, whilst Mr. Mivart tells us, in highly 
eulogistic terms, that Haeckel's " Die Radiolarien " contains a 
description of a multitude of tuw genera and species (Memoir, 
p. 139) ; we are gravely informed by Sir Wyville Thomson that, 
" the Kadiolaria form a class of the smtiewhat negative sub- 
kingdom Protozoa, which is retained for the reception of those 
animals of comparatively simple structure, suck an the lnfu~ 
noriaQ), &c., whose nELATiONS we cannot vekt fvllt make 
out" ("The Atlantic," Vol. i. p. 231) ; so that here we have 
the writer who, naturally enough, is regarded just now as the 
latest and most experienced authority on the -fi«d(o/(tri<i, openly 
avowing that he regards them as the scientific waste-paper bag 
to which may be advantageously consigned all manner of crea- 1 
turea belonging to the lower forms of life of which we know . 
nothing 1 

But it is for Mr. Mivart, the author of " Contemporary 
Evolution in 1876," to reconcile, if possible, the charge therein 
brought by him against Haeckel, with the following panegyric 
a Haeckel's monograph " Die Radiolarien," pronounced by Mr. 
Qvart, the author of " Notes touching Recent Researches on the 
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Badiolaria," in 1878 ; to wit, that " had thie illustrious natu 
alist done no other scientific work than the publication of L 
magnificent and classical work ' Die Radiotarien,' that woi 
alone would suffice to procure him everlasting fame." (Memoi 
p. 139.) 

Haeckel's is undoubtedly a magnificent work, and one pr^ 
nant with the results of almost unparalleled industry and stady 
But its utility is marred Ijeyond redemption by the unconeeale 
resolve to work out, and down to, an all-engulfiDg bypothea' 
which renders it impossible for anyone but a professed discipl 
of the Haeckelian method to accept its teachings. Of c 
of intentional misdirection no one would dream of charginj 
Haeckel. Whenever he errs, it is liecause he is Haeckel — th 
slave of a dominant idea — of the *' fiery pantheism " and point 
blank materialism that blind him to everything but the ( 
he is rushing towards. 

But I must not be misunderstood. In offering this commen 
tary on ihe opinions entertained by Professor Haeckel, I do not 
even assail his hj'potheses a« hypotheses. Both of them i 
turn out to be tme. Evolution has already been proved to be a 
method of Xature. But, without its being at all requisite to 
admit that Haeckel's priviordiaZ slime was, at some anterior 
epoch of the earth's history, spontxmeously generated, I call' 
didly confess I see no reason whatever for regarding it as i 
possible for the chemist to succeed in evolving, out of tlw 
inorganic elements and natural forces at his command, a o 
pound cai>able of evincing vital aclivity. What I do assail it, 
the tendency of the Haeckelian method to gallop on altogether 
in advance of demonstrated feet, beyond which the scienti£s 
biologist is not warranted in advancing by a single haii^ 
breadth. All he may legitimately do is to use his hypotlie« 
as such only. The moment he does more, and permits himself 
to talk seriously of an admitted " assumption," on which he li 
already based a Rystem, as having *' been proved to be a necc 
sary hypothesis "' — in other words, claiming the right to mj 
ii^ceeae, ergo sit, he merges at once into the mere speculatort 
the foundations of whose edifice are of sand.* 

It is quite inexcusable enough for systematists to persiBt i 
applying a definite term to a portion of structure wmcb li 
the very definition it conveys, aud to make what is little better 
than an unsupported assumption the basis of such an erroneotu 
and yet positively stated dictum as the following ; — " The ydXow 
cella t are undoubtedly cdls multiplying by spontaneous division 
of thei' cell contents, each division surrounding itself by its o 

See Haeckelfl '■ Hiatoty of CrenUi>o," Vol. li. |i. 27)?. 
* 8« oil p. 274. 
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cell wall before the dissolution of the mother-cell." (Memoir 
page 145.) But such a dictum becomes sheer nonsense after its 
having been gravely laid down on the authority of Cienkowski 
that these yeUow cMa (described in the page preceding as being 
^ very characteristic of the whole of the Radiolaria^ except some 
AoamtJumietra forms "), " were found vigorously multiplying in 
dead Rddiolaria ; ^ and that Cienkowski '' suspected that they 
may be puraaitic organisms ; " whilst Hertwig, it is said, op- 
posed Cienkowski's view on account of the constancy of the 
presence of the ydlow cells in the Radiolaria^ on which Mr. 
Mivart, with singular naivety remarks : — " But undoubted 
parasites are present with remarkable constancy in many higher 
animals, while several difficulties disappear if we regard them as 
parasites. It would (he says) first account for no other satis- 
fiictory explanation of their origin having been arrived at ; 
secondly, for their greatly varying number ; thirdly, for their 
survival and increase amidst the decomposition of the indi- 
Tiduals in (sic) which they live ; and lastly, it would explain 
the anomaly of uniceUida/r ani/mdls containing true cells.'* 
(Memoir p. 145.) 

At p. 144 it is stated that '^certain peculiar structures, 
namely, the yellow cells, are very characteristic of the Itadio- 
laria, being found in all, except some Acanthometra lorms. 
They are nucleated, and their protoplasmic contents are en- 
dosed in a distinct mefmbrame.^ Whilst, in reference to the 
question as to whether unicellular animals can contain true 
cells within themselves, as part and parcel of their organization, 
Mr. Mivart continues as follows : " Without venturing to ex- 
press an opinion on this controversy, I would place on record 
that Hertwig has come to the conclusion that a multinucleolate 
cell is potentially multinucleate, as a multinucleate cell is 
potentially multicellular ; and thus we get a transition from uni- 
cellular to multicellular organisms. . . The multicellular nature 
of the Sadiolarians now depends entirely on the normal nature 
of the yellow cells, and on the correctness of the observations of 
the centripetal cell-groups of Phyaematvam. As has been said, 
neither of these phenomena can be reposed on as being cer~ 
tainly of the nature of true cells, formvng paH of tlte normal 
organization of the RadiolaHans in which they have been 
found ; but even if they are so, and if we are compelled, there- 
fore, to regard Sadiolarians as multicellular, their multicellu- 
larity is of a radically different kind from that of any of the 
MsTAZOA ; and none of their parts, whether true cells or not, 
have any valid claim to the denomination of a tissue. (Memoir, 
pp. 182, 183.) 

We shall see hereafter that their true cell nature is very 
distinctly maintained, nevertheless; or if not so, that the absence 
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of a nuclear vesicle^ which is adopted by Mr. Mivart as the most 
prominent and important feature in six-sevenths of the whole of 
the Rad/iolaria, is contra-indicated in every one of these six- 
sevenths (with exception of the Polycyatvndj one group which, 
as I have never ceased to contend, ought not to be associated 
with the other groups, but with the Foraminifera in the first 
Bhizopod order), in consequence of this very deficiency as 
regards a definite nucleus — that is, a truly encapauled nuclear 
mass,* 

But speculative philosophy and naivetS go yet a stage 
further ; for Mr. Mivart informs us that his deus ex machind, 
*' Haeckel, apecvXatea as to the possibly hepatio nature of the 
yellow cells, considering it to be not unlikely that they may be 
AN INCIPIENT FORM OP LIVER. But in the first place these cells 
may, as has been said, be parasitic ; and secondly, a liver is, as 
it were, a comparatively late result of tissue formation, and 
could HARDLY exist in the admittedly tissueless Protozoal" 
(Memoir, p. 158.) 

In 1863 I pointed out, for the fiirst time, that the so-called yel- 
low cdUy as also more or less perfectly colourless, but in other 
respects perfect homologues of them, are present throughout oil 
the Bhizopodal families, both oceanic and fresh water ; this 
statement being based on long personal experience. At the 
time indicated, they had been observed by others only in three 
pelagic families, namely, the Polycystina,- the ThaZa^sicoUvMy 
and the Acanthometrina ; their brilliant yellow tint in the 
pelagic families being regarded as their distinguishing character, 
imtil it was shown by me that absolutely identical bodies (see 
PL VI., figs. 1-3, 5, 6), in all save colour, are common, as before 
stated, to the entire Class. Their office had, moreover, until 
then been either altogether unrecognized, or, so &r as I am 
aware, referred to only more or less incidentally as in some 
manner connected with reproduction. 

It was in the course of a laborious day-by-day series of 
observations on the fresh-water and littoral fihizopods, extend- 
ing over the greater part of the years 1863 and 1864, that I 
was enabled to compare and trace clearly and consecutively the 
mode of origin of these remarkable bodies, and to prove beyond 
all reasonable doubt that they constitute a true reproductive 
organ, formed either directly (as may be witnessed in the Fora- 
minifera of our own shores) by the aggregation into minute 
spheroidal masses of granular, probably germinal, particles, 
which, up to the period of this change taking place, are more 
or less uniformly distributed through the sarcode mass generally; 
or, indirectly^ by the subdivision of the contents of the granular 
nuclear mass itself, without, however, acquiring in any instanoe 

* See my classification at the dose of this article. 
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tihe nvdieus of the higher order of Bhizopods invariably does) 
tembranous covering. For these combined reasons which 
obviously made the term ^^ yellow cells ^^ a dangerous mis- 
ler, I designated them aarcoblaats. Whether, in the fresh 
er, the littoral, or oceanic Bhizopods, the aarcoblasta ii^ 
iably constitute^ when liberated from the parent organism 
they are always eventually destined to be), either at once the 
nt shell-less organism, as in the naked Bhizopods; or the 
us, and at the same time the infant mass of sarcode, within 
eh the rudiment of the shell or other mineral framework of 
organism is secreted. Thus^ in the Amcebans^ the sarco- 
sts speedily assume, one by one, the whole of the typical 
lacters of fiie parent form. In the Foramvnifera and Poly^ 
ti/nay they are the nidus^ within which, in the former family, 
primordial calcareous chamber of the shell ift secreted, and 
he latter family, the earliest siliceous rudiment of the siliceous 
mework or perforated shell ; whilst in the A c(inthome.tri/n<i and 
ler families constituting the second Order, in wliich an 67i- 
oswled nucleus first presents itself, they form the nidusj not 
ty within which the axial portion of the siliceous framework 
secreted, but also within the peripheral portion of which the 
rliest discernible vestige of the membranous capsule is secreted, 
the condition of a most subtle membrane. Inthidd, so fully 
this &ct borne out by observation that it may, I v^enture U} 
lieve, be laid down that until the sarcoblast lias alnsady 
come freed from the parent structure, no trac^ wha1>evcr of 
d nuclear capsule exists. 

For the above stated reasons, (which I submit, (himand W}nw^ 
ing more for their refutation than sp^'culafive disrjuiMitJonM 
3ut the unicellular or multicellular potential] ties of the Ka/liV>- 
ia, or about their incipient lAver-HynUnnH and jjarfUtlteH), I 
ve considered it absolutely nec^^wary to wjl^titiit*; th*; U:rm 
rcoblasts for that of yellc/UMuMs, as beinj^ not. ou\y su^g'^ive 
the derivation and frmction of the^; Wiies, htjt an avoiding 
iondition as to colour, which u altogether nnirim in the /:aiie 
the fresh-water Bhizopods. 

But after what luu been stated conc^^rrjing the «qf%uifff%A //f 
ofessors Haeckel and Hertwig, Sir Wyvill/- TlK>r/j.v^, and 
•.Mivart himself on the nature and on'iri:i (A the y^fJ/nt^rAbi^ 
an surprise no one that the t^flrn H^tinyji^Aojf^A ahouJd wA have 
fn very readily arjopt^i by any //f thesj^; writ/^rai, Mr. Mivart 
Is us at the autset of ti^ ol>«^i?rTatii^yrj*, ♦hat " t-w^h iufyr/uUinl 
diolarian cf/imxta of two y^AfffiA fA 'yAmr^rfl or fyA^/n:]f^^ 
Dode ; one y/nlf/u X£tM-?^h^*^ and /r^itrii ; the '>t?>^ yn*\frt% 
ipheral and almost a:vay» f:fXiijdTiiTi^ f:Hris»\u y^Uy/^j^^U'^ 

! capsevJW fUtsofAx^ p. 1^7/, it bmig added in a if^Ax^AMi 

7 t 
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that, accoi(iing to the opinion recently offered by Sir Wyv 
Thomson, it is probable that the capsule does not preM 
itself in some of the Radiolarians. 

Having for twenty years maintained that the PolycysH 
do not possess a true " definite nucleus " ; or, as described by i 
no true encapsiUed nuclear mass ; and that they must on t 
account rank with the Foraminifera, the sarcode Ixxiies of wl 
are similarly constituted, and cannot, therefore, even under 
moat strained interpretation of their characters, be grou] 
naturally with the so-called " Radiolaria ; " it is requisite tha 
should call attention to the opinion quite recently expressed 
Sir Wyville Thomson regarding these organisms, after having 1 
nearly a year and a half to maturely weigh all the evidence 
was so fortunate aa to secure during his explorations on bo 
the " Challenger." 

Sir Wyville's work, " The Atlantic," was published at 
close of 1877, that is to say, nearly a yeai- and a half after 
retimi of the expedition. At page 231 of the first volume, 
subjoined far from encouraging description ia given of 
Radiolaria ; namely that " they form a somewhat negai 
class of the Biih-kiTigdom Protozoa, which is retained fot \ 
reception of those animals of comparatively simple etructi 
auck as tlie Infusoria, &c., whose belations wh cannot 
FCLLT MAKE OUT." 

Again, at p. 232 of the same volume, the Radiolaria 
described by him aa " consisting essentially of rounded or < 
granular masses of brownish or yellowish colour, intersper 
with very characteristic round oil-globules, bright yellow, 
very refractive, the whole cemented together by soft, transp 
sarcode, including fine granules. Near the centre of the 
there is usually a very evident rounded mass of bioplasTn, 
colours deeply with carmine: and the same dye brings out si 
BIOPLASTS Bcattere<i irregularly through the general suhstanoa 

Thus we find on a comparison of these descriptions: — Pi 
that the " granular masses " mentioned are not identical with 
bodies afterwards referred to as " smaller bioplasts " ; »eccau 
that "the characteristic round oil-globules" are not ideniii 
with the granular masses just referred to ; and, thirdly ,tfaat t 
"smaller- bioplasts scattered irregularly through the gena 
substance," must necessarily be yellow cells or, in other woP 

8ARC0 BLASTS. 

This portion of the Rhizopodal structure is, in reali^, 
small spheroidal mass of sarwwle, generally varying in me 
the difi^erent fiimilies within certain limits, and wholly den 
of any true membranous or other special covering. When Si 
observable, it consists of an almost colourless, hyaline, viiwid, a 
basal fluid, of the oonsisteuce and appearance of the wlutA 



ON THE KADIOLABIA AS AS ORDSK OF TH£ FBOTOZOA, 277 

«g^, within which are diatributed peripheral!;, but without aoy 
approach to regularity, a number of granules of more conaoU- 
dst«d, as well as more or less faintly coloured sarcodic substance 
[ijfig. i a); and invariably (I believe) in the case of the sarcode 
* the oceanic Rhizopods, of a tolerably brilliant yellow tint. 
It b; carefully focussing down to an equatorial plane, a central 
altogether devoid of granules, and occupied solely by 
pure basal sarcode, may quite readily be detected (fig. 2 b), 
to this clear portion that the somewhat misleading name of 
has been applied ; perhaps owing to the idea that its ap- 
■rent higher degree of refractive power, as compared with the 
Rounding mass of the animal's sarcode, may be due to its being 
■pecialized product ; or, in other words, not identical with the 
■nl nngranular sarcode of the rest of the sarcoblast itself, and 
E the general body substance in which granular particles are 
boost always, more or less densely, suspended. Through some 
BlAle reproductive operation, of which we as yet have learned 
lothing from actual observation, in consequence of the extremely 
^ute nature of the particles concerned, the yellow granulea 
become, after a time, collected together into the spheroidal 
: now become sarcoblasts; and, possibly, two sexual ele- 
are, at this stage of the organism's history, brought into 
nntact. It will, I hope, be clearly imderstood, however, that I 
throw out this view simply as a sunnifie, resting on no more 
' kble basis than a fact observed by myself, and for the accuracy 
which I am ready to vouch with perfect confidence, that the 
NHsalled nucleus of the sarcoblast becomes eventually, on the 
of that organ from the parent structure, the active centre 
of shell or skeleton-development. But on this subject I shall 
Imve more to say hereafter. 

We are hence almost irresistibly led to the conclusion that 
the truly constructive " germinal " substance of the Rhizopod 
is the hyaline, homogeneous, viscid, and nngranular portion of 
the sarcode ; whereas the granules and every other portion form- 
ing an integral part of the structine, are developments &om 
this, and constitute true " formed material"; this view holding 
good both as regards the entire mass of the body in the yoimgest 
etage of the naked Ama:b(ins ; in the earliest formed chamber 
of the Fwarainifera; and also in the earUest stages of the 
Polycyatina, Pla^acanthidce, Acanthometrina, and Dictyo- 
chidcE, in which the siliceous structure constitutes an in- 
ternal framework or skeleton, rather than an external shell. 
Whilst throughout the entire series of the Rhizopodal tamilies, 
wherever there exists a mineral fabric of any kind, whether 
shell, framework, groups of spicules, or shell composed partly 
of mineral matter elaborated by a vital operation of the creature, 
and partly of altogether extraneously derived mineral paiticles^ 
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all are more or less invested exteriorly by a delicate film of 
sarcode, which (as long ago pointed out by Professor William- 
son, as being characteristic of the Forwrnvnifera) is an effective 
agent in increasing exogenovMy the thickness and extension of 
the mineral portion, of whatever nature the latter may be. 

In short, as tersely put by Dr. Carpenter, whilst describing 
the perfectly developed cell-formation observable in the higher 
animals, the nucleus may be regarded as the seat of the cdh 
foimiative activity.* So in the sarcoblast (which is not a cell, 
and is therefore in no respect more entitled to the appellation of 
the term '* cell " than a globule of oil, albumen, or other viscid 
fluid, notwithstanding that it comprises one portion more con- 
solidated or specialized than the other), the central region is '^ the 
seat of its formative activity " ; this very instructive fact having 
been, as already stated, completely verified, by what has been 
observed by me to take place, both in the marine and fresh- 
water Rhizopods. 

But the great importance of arriving at a definite and correct 
conception respecting this part of the Rhizopod structure will 
presently be made apparent on other and even stronger grounds. 
Meanwhile it must be mentioned that Mr. Mivart attempts, 
amongst other things, to determine " whether or not the re- 
semblance, insisted on by some writers, as existing between the 
Radiolaria and the Hdiozoa is such as to render it det^irable to 
unite them as two subdivisions of one larger group, itself dis- 
tinct from all the other groups of Protozoa." Hertwig, he says, 
" in his latest paper on the histology of the Radiolaria, leaves Uie 
question undecided whether the Heliozoa, Radiolaria^ and Thor 
lamophora, should constitute three distinct and co-equal groups; 
or one great group should be made to comprise the Heliosoa 
and Radiolaria only, the other being set aside for the marine 
and freshwater Thala/nwphora; Hertwig having in a prior paper 
denied the relationship of the Hdiozoa to the Radiolaria^ on 
the ground of the supposed cell-structure both of the external 
and internal alveoli, and " also of the Wasaerhdlen Bldschen^t 
as well as on other accounts." Mr. Mivart, however, goes on to 
say that as Hertwig is now satisfied that ^^ alveoli are but 
vaciLolsa, without membranous walls, and that the Wasser-hdUn 
Bldschen are but nuclei, his reasoning fidls to the ground ; '*— 
a conclusion in which I heartily coincide. 

The similarity of the Hdiozoa and Radiolaria in external 
form and chemical composition, Mr. Mivart regards as undeni- 

• Carpenter on « The Microscope," p. 784. Fifth ed., 1876. 

t These are said to be '' rounded homogeneous particles of denser saicode, 
devoid of investing membrane ; and to be the 'simple nuclei' " of aathoiL 
(Memoir^ p. 141.) 
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able ; but, on tlie other hand, very many Radiolaria, according ' 
to Hertwig, depart widely from the spherical form ; and fiimi- 
larily of chemical composition " cannot, therefore, l>e considered 
a distinction of great weight, seeing that such eimilarity is 
siiareti with many other lowly organiams of quite dififerent 
affinitiea, (Memoir, p. 181.) 

With reference to the reproduction of the Radiolaria, Mr. 
llivart informs us that it " ujidovhtedly takes place by means of 
Dumeroua zoospores, each with a nucleus and plaoellum, but 
with no vacuoles ; whereas in the Hdiozoa the much fewer 
separated reproductive parts have each two flagella as in mosi 
BnizoPODS (I), several contractile vacuoles, and a nuclmts, with 
vantolfs and nucleoH." These differences he considers as so 
great that be warns us (as indeed he well may, considering that 
he does not shrink from laying down as regards the reproduction 
of the Radiolaria " by spores,'" that " it is certain that such a 
process occurs in Aeanthometra, Thalassicolkt, Spkarrozoum, 
CoUosph<pra aTid Gollosoum, and moat probably in all the 
RadioLiria." (Memoir, p. 167.) And again, that "there are 
also grt-at differences in this respect between different Heliozoa, 
while the reproihtctive processes of so few Radiolariana have 
as yet been exami/ned, that it would be rask to feel confident 
that 7w» iviportant divergences will hereafter be found to exist 
arrumg them in this reapect I " (Memoir, pp. 1 80, 181.) 

I candidly confess to feeling confounded, and at an utter loss 
even up to this point to reconcile these seemingly diametrically 
opposed opinions ; or to comprehend what " further important 
divergences " should be needed than the all important one to 
which Mr. Mivart himself draws attention, and constitutes No. 
4 in his list of distinctions categorically given (at p. 180) be- 
tween the Radiolaria a.adl{eliozoa ; namely that " yellow cells 
are present in almost all Ehizopods, but absent in Heliozoa ; " 
that is to say if he, or rather those writers on whose opinions he 
is placing his trust, choose to insist that because the sarcoblasts 
of the freshwater ActijLophryans, in common with the rest of 

* I have been altof^ther uDsuccessful in tmcin); to whoee chemical 
uwlfsia of tbesH micruacopically minute etructuros we ore indebted for this 
kpp&renlly decided judgment upon their elementary constitulion. Under all 
the circiunetaiicea I would humhlj suggest that it will be a long time, indeed, 
1}efore aaj differenctt in tbe chemical composition of such subtle oi^oiBins 
Ckn be determined bj anj re-Ageats at tbe chemist's command. In the very 
luture of things, identity, or apparent identity, must be far more eof ily indi- 
cated. Bnt be this as it mny, when it is borne in mind that it is unreseryedly 
asa^rted that " The Radioittriina live on Algse, Diatoms, and Infuaoria, nod 
oth^r small animal and vegetable orgBninug fmind near tlu 
M*," it must, indeed, *be a difficult task to ascertain where d 
u dealing witii the mere animal'* bodj', or with its •"' 
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the freshwater Bhizopods, are not yellow, the one variety^is 
not the true homologue of the other ; or unless he really adopts 
the almost ludicrous view enunciated by Cienkowski that tiie 
" yellow ceUs^^ of the RdcUolaria are ^^ paraaitea.'^ 

But the climax has yet to come. It has been already stated 
that, according to Mr. Mivart's rSsuTne^ " the central nucleated 
portion of the Badiolarian sarcode, and the peripheral portion 
which almost always contains yellow ceUsj are separated by a 
porous membrane called the ' capside ' ;" and that he quotes 
Sir Wy ville Thomson's opinion that this " capsule^ is frequently 
altogether absent. Here are Sir Wyville's own words: "Id 
many Badiolarians, and especially in some very peculiar com- 
pound forms, a spherical internal chamber called the '^ central 
capsule," whose functions we do not fully understand, is very 
prominent. This capsule is however absent^ or at aU events 
eodsts i/n a very modified forra in the more typical groups/* 
Had Sir Wyville Thomson particularized but one step further, 
he would probably have annoimced that, as always consistently 
urged by me, one most important family of the Badiolaria, as 
constituted by Haeckel, and adopted by Sir Wyville Thomson 
and others on Haeckel's authority which in turn probably rested 
on Johannes Miiller's, is pre-eminently the typical one which 
possesses no encapsuled nucleus, or (to use the new designation) 
no " central capsule " ; and that, if the classification of the 
Bhizopods is to be based as far as practicable on the physiologi- 
cal advances observable in the sarcode bodies of the animal, the 
absence of this " capside " at once ratifies my conclusioD that 
the place of the Polycystiua is essentially alongside of the 
Foraminifera in the lowest Bhizopodal Order, and not with the 
so-termed JRadiolarians in the second or higher Order. 

But how does Mr. Mivart meet this significant, though, as 
already pointed out, by no means novel discovery of Sir Wyville 
Thomson's — a discovery, be it observed, upon the correctness or 
incorrectness of which the question of the propriety of assod- 
ating the Polycystina with the families of the second Order of 
the Bhizopods was fifteen years ago shown by me to depend ? * 
Is it by adducing good evidence of its error? Or by admitting 
that, if not an error, the entire fabric of the Radiolaria^ as a 
whole, is unsound ? Or by inserting in his risurn^ of all pre- 
vious researches on the subject, that at least one writer on the 
oceanic and freshwater Protozoa^ not only published the bare 
fact mentioned by Sir Wyville Thomson, but produced ample 
evidence in support of it ? No I But by appending in a foot- 
note the following singular commentary : — " If Sir Wyville 

* In the very paper on the Polycystina which Mr; Mivart notices m his 
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mtomson's opimon is not a clerical error, some very intereatiDg I 
■new forma may be expected to be made known by the publica- 1 
tioo of the " Challenger " Zoology ; but whatever novelties niay J 
be forthcoming, forma without a central capsule should be ex- j 
eluded from the Radiolaria." j 

However, with two such admissions before us : — the one that I 
the " porous membrane called the capsule," held by the sup- J 
porters of the Iladiolarian classiiication to form its most importaat I 
characteristic, " is ahs^^t, or exists only in a very modified form I 
in the more typical groups ; " the other, " that forms without & I 
t'entral capsule should be excluded from the Radiolaria ;" there 
is evidently good ground for hoping that " this somewhat nega- 
tive class of the Protozoa which," according to Sir Wyville 
Thomson, " has been retained for the reception of animals of 
comparatively simple structure, such as [the Infusoria, whose 
relations we cannot fully make out," may — to use an erpression 1 
now rendered classical — be abolished " bag and baggage." j 

It is desirable to mention here that in such Polycyatina as i 
that figiu-edat page 140 and again at page 150 of Mr. Mivart'a I 
memoir, under the name of Eucecry-phatus SchitUzil, and also | 
in the genera Pterocaniuvi, lAthocam.pe and others, the division 
of the sarcode-body into two or more lobes which are to be seen, 
in the recent condition of these organisms, projecting towards 
the mouth of the aheJl from ita innermost and uppermost portion, 
is not due to the presence of a membranous support, as has often 
been erroneously imagined; but merely to the sarcode being 
prevented from forming itself into a single bulging mass (such 
as we see within the aperture of the tests of Arcilla or Diffiugia 
when the animal is at rest), by festoon-like processes sent off 
from the interior of the primary chamber ; these processes 
having the effect of constricting the sarcode where it impinges on 
them, without, however, interfering with ita free coalescence 
posteriorly. At the same time, if we may judge from what is 
observable in Arcdla, it is probable that when the animals of 
the Fulycyatine genera above named are in their natural element, 
the lobes may disappear through the flow forwards of the dense 
and sometimes more deeply tinted portion, which, in captured 
specimens, is usually found occupying the innermost part of 
the shell, both in the Polycystina and in some species of Fora- 
tninifera. Accordingly, the occurrence of the lobes referred to, 
though furnishing a good distinctive character derived from 
the peculiarity in the configuration of the siliceous framework, 
does not indicate either stnictural or physiological advance. 
For this reason I have thought it necessary to call attention 
to it. 

[To be continHrd.} 
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HOW W"ERE THE EOCENES OF ENGLAND 

DEPOSITED ? 

By J. STARKIE GARDNER, F.G.S. 

IN this inquiry it will be necessary to pre-suppose that my 
readers are more or less familiar with tliat great series of 
Tertiary rocks in England known as the Eocene. I will, how- 
ever, briefly recapitulate the subdivisions into which geologists 
have grouped it, and their several characteristics ; and will then 
see how far the facts that have been gathered may be connected 
into a perfect chain of events, and a consecutive chapter in the 
earth's history constructed from them. 

The Eocene, or " New Dawn " age, is, in England, the newest 
formation, present in great tliickness, and also spread over a wide 
area. We possess more recent deposits, such as the " crags ** of 
Suffolk and Norfolk, and Pleistocene clays and gravels scat- 
tered here and there ; but these are not parts of any of the great 
systems of strata which form, to a considerable extent, the solid 
crust of our earth. 

Reference to geological maps of England shows that the 
Eocenes are at the present day almost confined to two great 
areas, severed from eacli other by Chalk ridges. One of these 
is known as the " London Basin," the other as the " Hampshire 
Basin." There are other '* basins" in France, Belgium, and 
North Germany ; and in Italy, Austria, and Switzerland there 
are many local Eocene deposits containing faunas, and more 
especially floras, wliich have not yet been carefully separated 
from the overlying and, in those countries, better developed 
Miocene. 

It must not be supposed, however, that, in Western Europe 
at least, the Eocenes were originally deposited in isolated basins; 
but being, as they are, the uppermost deposits and loosely com- 
pacted, they have, speaking generally, only resisted denudation 
in the areas which have remained depressed, and have been 
swept off those districts which have since been elevated into 
ridges. There is abimdant evidence to show that all these 
'* basins " are but the remains of more or less continuous sheets 
of strata which formerly covered the intervening areas. 

Eochie Inf&rieure. — The lowest members of the Eocene, known 
Eodne inf&riewre of France and Belgium, are altogether 
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wanting in England, and a gap of incalculable age, only slightly 
lessened by these on the Continent, exists between our lowest 
Eocene and the Chalk upon which it rests. 

Thanet Sands. — ^These, the lowest Eocene deposits present in 
England, rest unconformably upon the Chalk. They are confined 
in England almost to the eastern area of the London Basin, but 
spread over Picardy and Flanders as the Sables de Bracheux , 
and in Belgium are known as the LandSnien inf&rieur. They 
indicate a very temperate climate. 

Woolwich and ReadMig Beds, — In the Hampshire Basin these 
are entirely unfossiliferous mottled clays derived from granite,and 
of fluviatile origin. Eastward, near London, lignites and sands 
with brackish-water shells come in. Further east the fluviatile 
mottled clay disappears, and the horizon is occupied by marine 
sand with estuarine shells. A flora was found near Reading, 
valueless for climatal inferences ; but from the presence of palm 
wood, sharks' teeth and turtles elsewhere, it appears that the 
climate was perhaps even sub-tropical, but still &r less hot than 
it became in the time of the London Clay. 

Oldhaven Beds* — These consist of great beds of rolled shingle 
and fine sand, containing sometimes estuarine and sometimes 
marine shells; they are confined to the eastern area of the 
London Basin. 

London Clay, — This is a compact mass of clay of great thick- 
ness, and spread over both the English ^' basins " and Belgium. 
It is divided into zones deposited in shallow water, which occur 
at the base ; and deposits from deeper water, but not estimated 
at more than 100 fathoms, which form the upper part of the 
series. Only the beds characterized by shallow water moUusca 
are found in the western area. In addition to the marine fauna, 
a terrestrial fauna and a flora of great extent are known, and it 
is remarkable that these latter present a far more tropical 
assemblage than do the marine products. The beds at Sheppey 
appear to have formed a great river delta. 

The Lower Bagshot Beds. — In the west these are pipe-clays 
and sands, derived, as were the older mottled clays, from granite, 
and deposited in fresh-water. Towards and east of London 
they are entirely composed of shingle and sand worn from chalk 
flint and left by the sea. The rich flora contained in this series 
at Studland and Alum Bay forms a similar group to that, the 
fruits of which are found at Sheppey. 

The Bournemouth Series. — From Studland to a mile east of 
Bournemouth, these are piu-ely fresh-water delta deposits. They 
are then overlain by marine or brackish delta mud, by shingle 
and sand, and by a sequence of marine strata at Hengistbury 
Head. This series is particularly interesting, as in it we can 
trace step by step one of the numerous subsidences which took 
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place in Eocene times. The flora shows a gradual change from 
upland-character to valley and to swamp — ^then lagoon con- 
ditions are traced, shingle and sea sand, and finally open sea 
deposits. A noteworthy fa«t is that in the marine beds we have 
firmts which, although comparatively few in number, are im- 
portant, because similar to or identical with those fromSheppey, 

BracJdeahavi Series, — ^A mass of marine sands distinguish^ 
lithologically from the London-Clay series, by the presence of 
green grains. The marine fauna is totally distinct and far more 
tropical than that of the London Clay, whence it is inferred 
that these beds were deposited in a sea shut off from the more 
northern London-Clay sea. They occupy most of the Hamp- 
shire Basin, and are traced in the London Basin as far as 
Chertsey, but their principal extension is in the Paris area. 
They appear in England to have been deposited in the quiet 
estuary of a great river, and are partly contemporaneous with 
the Bournemouth series. 

Barton Beds. — These are marine deposits occupying a limited 
area. Although separated by a greater lapse of time, their mol- 
lusca far more closely resemble those of the London Clay than do 
those of the^Brackleshams ; many species of the latter which 
had disappeared now reappearing. The fauna has in fact a 
more northern facies than the Bracklesham fauna, only twenty 
per cent., and these the more temperate moUusca, remaining. 

The Upper Bagahot Beds. — ^These are mostly white siliceous 
sands. Mr. Godwin-Austen has shown that the sudden succes- 
sion of sand to clay involves no physical change. The fauna, 
where present, is of the Barton type. 

The Upper Eocene. — The remainder of the Eocene strata in 
England are of fluvio-marine origin, and 560 feet thick. They are 
alternations of marine, brackish, fresh-water and occasionally sub- 
aerial deposits. They are only found in the Isle of Wight, and 
on the contiguous main-land, and the newest beds have the 
most circumscribed area. The fauna and flora are tropical, but 
show a gradually decreasing temperature. The highest bed, 
which is marine, is limited to a single hill, and contains a 
strangely dwarfed and impoverished, but purely Eocene marine 
moUuscan fauna. It is thought, nevertheless, by many to be 
<;ontemporary with European Miocenes. The divisions, purely 
^trbitrary, are : — Lower^ MiddUj and Upper Headony Osborne 
and St. Helens^ Bembridge Limestone, Berrdyridge Marl, 
Hempstead fresh water and marine. The marine beds are 
relatively most developed in the east, the fresh-water in the west 
of the island. 

Havinfi^ thus glanced at the salient features of the strata 
the Eocene in England, I will now endeavour to 
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interpret the changes in character of the deposits and their 
contents. I wish, however, to impress upon my readers that 
while the foregoing section of the subject is well ascertained 
&ct) a portion of the remainder is, for the present, to be con- 
sidered as mere theory and individual opinion. It has not pre- 
viously been laid before men of science, and therefore, although 
it seems to me perfectly consistent, objections may be urged 
against my conclusions. 

We learn from M. Hubert's writings that the whole group of 
Eocenes in France and Belgium, below the Thanet Sands, and 
of which we have no recoid in England, were deposited in an 
area alternately sea and dry land, and subject to much oscilla- 
tion. In the intervals between these recurring changes of level, 
deposits were formed, but each change denuded them, so that 
only mere fragments of the original beds now remain. The de- 
posits were formed by a gulf opening into the North Sea which 
itself communicated with the ocean between the Shetland Isles 
and Norway. This sea may have penetrated over portions of 
England and left deposits upon the much eroded Chalk, which 
denudation subsequently carried away. However this may be, 
there can be no doubt whatever that the Thanet Sands were 
littoral deposits of the same sea, and mark a period of depres- 
sion in the London Basin. 

I shall have to speak of the deposits of a Northern and 
Southern Sea. For the present it will suffice merely to suppose 
that the English and St. George's Channels were dry land in 
these remote times, and to distinguish the seas on each side of 
the barrier respectively as Northern and Southern. Overlying, 
and perhaps partly contemporaneous with, the shallow sea de- 
posits of the Thcmet Sand are the English mottled clays belong- 
ing to the Woolwich cmd Reading Series. In the direction in 
which they are deposited and thin out, we have the first evi- 
dence of the presence of a mighty river flowing from west to 
east and scouring and draining a granitic country. In the es- 
tuarine beds and the lignites around London, we can trace its 
delta and embouchure, whilst the marine sands to the east were 
thrown down by the Northern sea into whichit poured. Through- 
out the whole Eocene time we shall trace the presence of this 
great river, which receded and advanced and changed the direc- 
tion of its outfall in obedience to the continued oscillations 
which this part of its course experienced. 

The next movement, at the close of the Woolwich and 
Beading series, was probably one of slight upheaval, during which 
the south-east of England became land. Depression followed, 
and the Northern Sea gradually reoccupied the tract. The shingle 
and sand banks of the Oldhaven beds mark this change, 
and are the result of the littoral conditions which prevailed 
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during the recession, but rearranged and also greatly added toby 
the advance of the sea. The remarkable extent to which the 
flints are worn shows that the duration of these conditions was 
very considerable, whilst the change in the fauna seems also to 
indicate a great lapse of time between these events. In some 
places rolled pebbles of the mottled clay are included, so that 
this must at least have been hardened by this time. 

In the London Clay we see a further depression of the land, 
enabling the Northern Sea to encroach gradually from the north- 
east, and ultimately reach as far west as the present borders 
of Dorsetshire. It never attained more than a few fathoms 
depth in the western area, and little more than 100 fathoms in 
the deeper eastern parts. The marine faima is far more torrid 
looking, owing to a warmer period having set in, produced 
probably by the rise of land between England and North America 
which, there is evidence to show, took place about this time, 
and shut off the cold arctic currents in a manner] to be ex- 
plained further on. The increased temperature of the sea 
acted upon the land, and enabled a most luxuriant and varied 
flora to migrate thither; its fhuts and seeds are found at 
Sheppey just as they were stranded and buried in the delta- 
mud of the great western river. 

The river, whose delta has been seen to have been hitherto in 
the eastern area of the London Basin, seems now to have shifted 
its course to the south. Its mouth at this period may have been 
on the since denuded Wealden area, or still further off out at sea. 

The Loiver Bagahots such as we have them at Alum Bay, 
Studland, Corfe, &c., show no proximity to the sea, but rather 
the filling in by river action, of a wide valley and shallow lake. 
The complexity of the stratification renders it doubtful whether 
two rivers did not unite in this valley, and shows plainly that 
the waters must in any case have been rapid at times, and sub- 
ject to periodical fluctuations of volume. 

As there are no passage beds or signs of any delta having 
existed here between the London Clay and Lower Bagshots, we 
must conclude that the river did not immediately occupy this 
part of the land letl dry by the retreat of the London-Clay sea, 
but flowed over it long subsequently, gradually shifting its outihll 
from east to south and west. The great deposits of rolled flints 
above the London Clay in the eastern parts of the London Basin 
show that the North-Sea littoral occupied that area for an im- 
mense lapse of time. We see by the composition of the western 
fresh-water beds, that a granite area was still being worn away, 
and the tot-al absence of flint shows that the western chalk hills 
were not yet raised into position for denudation by the river, as 
had they been upraised the course of the river would necessarily 
Give been through them* The absence of lignites in this part 
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of the Beries may show the esistence of lakes such as that at 
Hovey Tracy which intercepted drifting timber ; ita abundaace 
ia later beds marks the time when they bad been filled in. 

In the age of the BovTu&mouth Beds we have the E^me 
depositiS, but in a more open and level valley, and in close 
proximity to the sea. In ail the lower or freshwater series we 
have no sign of the presence of sea-water. It is, therefore, not 
a case of river deposits encroaching on the sea, but of land 
"inking so gradually as to allow the sea to cover them. 

There are absolutely no indications, either in the Lower 
Hagshot or in the Bournemouth Beds, of the leaves having tra- 
velled from afar, and their preservation and local distribution 
indeed forbid the assiunption that they have done so. 

In the Bournemouth Beds it is of extreme interest to trace 
the change from a comparatively uplanil flora to a valley, and 
then a ewamp flora ; to watch the lowering of the land until it 
became sea ; to trace the sea, first trickling in and forming 
lagoons, then boldly overwhelming their mud deposits with all 
the imbedded contents, and heaping over them shingle and 
sand ; to see the actual shore line, with laud deposits full of 
plant remains on one side of it, and the bed of tbe sea with 
teeth of sharks and rays and shells on the other aide. 

The elevation of the land towards the west which caused the 
Northern or London-Clay sea to recede was followed by a depres- 
sion towards the south-east, which not only diverted the embou- 
chure of the river in that direction, but subsequently enabled the 
Southern sea, then occupying part of France, to encroach upon 
the land, and overlap to a small extent the older deposits. 
In those days the North Sea was completely separated from the 
Bay of Biscay, neither the English nor St. George's Channels 
having been formed. Not only are the faunas of the two sea^ 
totally distinct, but the lithological characters of the deposits 
enable them everywhere to be identified. 

During the whole of the Eocene period until these beds are 
reached, we see that the now separate Tertiary Basins of I^ndon 
and Hampshire were continuous, and that identical series of 
strata were deposited over them without any discontinuity 
whatever. From this time, however, it is clear, from the total 
absence of any of the newer Kocene deposits in the former, that 
a separation had taken place, and that the London basin must in 
some mannerhavebeeu severed from the latter. The London area, 
or at least the ridge which now separates it, must, therefore, 
have been upheaved at about this time, and perhaps again 
depressed when the elevation of tbe Weald took place. It has 
since been subjected to denudation on a large scale, and it is 
'estimated" that the " vertical loss in the valley of the Thames 
I * " Memoirs of Qeological Survej," iiL 5S. 
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IB 500 feet," and th:it " the flat arch of the Isle of TTisaet 
not wholly owing to the chalk liavjng heen thrown into thxt 
form, as at least 600 feet of other fonnationB have been denuded 
off that tract." 

The depression during the Brackleskam. period was prolonged 
into that of the Barton. Beds, which accordingly are found t« 
indicate deeper seas, A remarkable ehaiige in the faunii olmosL 
suddenly takes placu. ^''e have an influx of mollusca of a com- 
paratively temperate aspect, recalling strongly those of thi 
London Clay, and a migration of the more tropical of tlM 
Bracklesham forms, only 25 per cent, of the less txopical re- 
maining and mingling with the new fauna. This seems to 
point to the mingling of the waters of the North and Soutli 
Seas, and the submergence or destruction of the dividing iath- 
mu8, which we know to have been eitremely narrow, FJnoe 
deposits of the older seas actually overlapped each other in the 
Isle of Wight. The succeeding sands belong to the same ]KTiod, 
and, as already remarked, do not necessarily indicate change. 

After this the seas were again severed, and remained so anfil 
recent times, the English Channel, there is reason to beliBvcy 
having been indeed formed during the human period. 

It is interesting to find that Mr. Sorby, now President of th» 
Geological Society, inferred on tot.ally independent grounds — tlte 
study of evidence of wave and ripple action in the marine and 
estuarine beds of the Isle of Wight — ^that a great river ran from 
the west into the sea, its estuary including part or the whole of 
the present Isle of Wight, and that the breadtli of it« estxtaij 
was there 15 or 20 miles. "Yet the dimensions of the river 
were such as to keep the water in general more or less fireeb, 
and must have been much greater than auy now running in 
England." He was able to trace the approximate size and 
direction of the shoals, and the axis for the rise and fall of tiu 
tides, the direction of the freshwuter currents and prevailiof 
winds, at least those which acted with most force upon the ml 
This confirmation is of value. 

The whole of the vast fluvio-marine or upper Eocene eeiisB, 
100 feet more in vertical thickness than the height of St. Panl't, 
presents us with the section of a great river delta formed in an 
area of depression, similar, perhaps, to that of the Nile or Gangee. 
Each successive deposit seems to have been thrown down over a 
more and more circumscribed area, and by a diminishing volume 
of water. The lowest or Headon Beds alone can be traced across to 
the main land ; whilst the highest Hempstead Beds are almoat 
confined to a single hill. These enormous accumnlationH pre- 
sent us with an unbroken series of events in one spot, extending 
from the middle Eocene to the Miocene age in Europe. During 
tae of time we see constant changes and modifications taking 
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place in the moUasca* Over and over again fresh species of 
GeriihiadsB, Limnseidse, Melaniadse, and other estnarine shells, 
oome in and disappear again. During this period, too, we not 
only have evidence of the diminution of the volume of the 
river, bat also of a gradual lowering of the temperature, and a 
more and more wide departure from the tropical conditions 
which prevailed during the middle Eocene and to the close of 
the Headon period. 

From the close of the Hempstead period until the river 
finally became lost, its delta or embouchure must have lain in 
the Solent Channel or in the sea beyond. 

The truly marine moUusca of the highest Hempstead bed 
appear so impoverished and present such a paucity of species 
and these so stunted, that, coupled with the nature and limited 
area of the deposit, we must conclude that they were formed in 
a sea which had shrunk to a mere salt or brackish lake without 
oonmiunication with the open sea beyond. That it was com 
pletely isolated is certain, since there is no incoming of the 
Miocene marine forms which existed abundantly elsewhere. The 
forms are characteristically Eocene, but, except such as the 
Corbula which were enabled to withstand the influx of fresh 
water, of a degraded type. We have no evidence of the Hamp- 
shire Basin again becoming submerged ; and although there are 
abundant indications of larger rivers than those at present 
existing having flowed through the district even in human 
times, how far or whether they were in any way connected 
witii the great waters whose history I have endeavoured to trace 
is veiy doubtful. Nor have the oscillations which produced 
tiiese frequent changes of level and at a later period upheaved 
tbe Chalk altogether ceased, as there is abundant evidence in 
the Isle of Wight and on adjacent coasts of elevation and sub- 
^dence even within historic times. 

Throughout the whole of our Eocene the river action may be 
Jilore or less distinctly traced, and whether we examine the 
structure of the rocks themselves or the fossils they contain, the 
ooDclnsion is irresistibly forced upon us that for countless ages 
the mouth of a great river occupied at first the south-east and 
then the south of what is now England ; and that during the 
Whole period its delta was subject to change of level, becoming 
more or less depressed, as we see in recent deltas, permitting 
How the sea to invade it, now the deposits to rise above water and 
become inhabited by plants and animals. 

Having now shown the existence for countless ages of a river 
of £Bur greater magnitude than any which the drainage of oiur 
present England could furnish, we will briefly consider the 
probable extent and position of the western land surface from 
which it flowed. 

BIW SBBIBS, VOL. n. — VO. VU. U 
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We &re all familiar with that fiivourite speculutioD amtin, 
geologists as to the existence of the former continent of Atlantii 
Geologists, zoologists, and botanists have frequently di^cusaet 
the question ; and each time, as fresh discoveries and infortimtJoi 
have been brought to bear, with more and more weight. Thi 
discovery that throughout the whole Eocene period a vast rivi 
flowed from the westward, from an area which would now Btt] 
port but comparatively small streams, together with the miilti' 
tude and variety of the flora and fauna brought down by if, ami 
the former total severance of the North Sea from the Bay of 
Biscay, reduce from theory to fact, and in the most podtivH 
manner, the assumption that a great extension of land thCQ 
eiiat«d to the west of Cornwall, The extraordinary mingling 
of American, Asiatic, Australian, and African genera in 
European floras of Tertiary periods shows no less coDclaBiTdy 
that some communication existed between these several 
in former times. In the main, however, I believe the gretl 
area of the Atlantic to have heen ocean ever since Cretoceou 
times. We have, in all the Eouene deposits, evidence only ol 
littoral and shallow seas ; the Eocene oceanic deposits are Vh 
known, an<l if ever broui^ht to the surface have again simk. Il 
is more than probable t)iat most of what was then ocean is, in 
the main, ocean now; and that vast deposits, similar in extent to 
the Chalk and older rocks, have been, and are now, uninter- 
ruptedly forming. While, however, the wider exteDt, and _ 
haps the greater depths, have remained ocean, it is certain tbil 
at least the areas cnntiguous to both America and Europe hai 
been land at no distant date. The contoiu" map of the " Chal- 
lenger " and other soimdings reveal the presence of a great ridp 
less than 1,000 fathoms deep, rimning in a zig-zag directicN 
north and sonth, coming to the surface at the Azores, St. Paid' 
Eocka, at Ascension, and at Tristan d'Acunha ; and soundingi 
taken liy the United States sloop " Gettysburg " tend to ehoif 
that the island of Madeira is also connected with this ridge. 
elevation of less than 1,000 fathoms would unite England 
Ireland, and extend the land far to the west, 10 degrees beyont 
Cornwall, producing a surface suflScient to account for all tl 
results we see. An elevation of 2,000 fathoms would gi" 
ns a continent whose outline can be traced, with elevataoi 
12,000 feet high, and a ridge with a mean height of 6,0< 
feet, stretching across the equator. If we suppose the d^^ 
of the Atlantic on each side of the ridge to have been di] 
land and former vallej's, and there is no inherent imposslbiliti 
in this supposition, the ridge itself would have an elevatiol 
of 1 5,000 fi-et, whilst the Ascension, St. Paul, and other 
would tower to a height of 30,000 feet. We should thufl'lUK 
of mountains above the snow level stretching 
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1 land across the equator, and forming bridges by which 

k moat temperate plants might have migrated from Australia 

I from America without being killed by heat. Even with the 

1 elevation of 2,000 fathoms the ridge would have been 

Eciently elevated to perjiit the passage of all the plants 

I foond in Tertiary beds. liVithout pursuing the subject 

"iber, the fact remaing that at all events a great tract of land 

■ted where sea is now, and that Cornwall,the Sclllyand Chan- 

I IsleB, Ireland, and Brittany, are the remains of its elevated 

It must, at least, have been as large as France, Swit- 

md, and Germany, although unconnected with southern 

rope. There is, in addition, an ever-increasing mass of botani- 

1 and zoological evidence showing thai the Atlantic Isles 

lerlymust have been portionsof a great continent; and Wol- 

ton, from a study of the insects of the Azores, Madeira, &c., 

bite recently has been able emphatically to reiterate this fact. 

tit is probable that throughout the whole of the Eocene 

1 this land was slowly sinking, and opinion has gained 

ind that the former connection with Australia and Africa 

evered during that time. The great submergence, 

hrever, did not take place until Miocene times, and was co- 

* * mt with the elevation of the Alps. The upheaval of the 

I doubtless directly connected with the sinking of a 

^wndiDgly great area, and the magnitude of the subsidence 

w yet be ascertained by the mass of the elevation. While 

■ LoDdon Clay was accumulating, the sea still rolled over some 

jtbe loftiest summits of the Alps, and the changes that have 

iquently occurred equal in amount the conversion of sea 

D a continent as large and lofty as that of Europe, Asia, and 

t north of Africa, and of land int^ sea to at least an equal 

" The grand sinking down of the conglomerate of the 

s more than a mile vertically did not begin till all the 

!oe movements had terminated, and the upheaval of the 

Be moUsse took place at a later period, so that it reached at 

'i its present altitude of 3,000 and 4,000 feet above the 

In face of these stupendous movements, the oscillations, 

J effects we have endeavoured to trace in England, appear 

^ jnificant, the total sum of the depression in Eocene times 

t exceeding 1.800 feet. Our Eocene area, however, was but 

B border land, the axis between elevation and subsidence, and, 

ihougb continually shaken, participated decidedly in neither 

iwement, each tendency being constantly checked. 

Jfasl as muKt have bt^n the lapse of time during the accu- 

latioD of our some 2,000 feet of Eocene strata, still greater 

»r3 the interval, of which we have no record in Europe, 

ietween the Chalk and Eocene. The almost complete change 

* Ljell, "Annual Address to the Oeologicul Sodety," 18G0. 
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in the fiimia and flora, and the utter want of connection between 
any of the Cretaceous and Tertiary phenomena as seen in 
England, speak of an almost inconceivable and perfectly im- 
measurable hiatus. Of the supposed passage beds in Europe 
many are Eocene, but I believe that in America the gap is at 
least partly filled up by the Dakota and overlying so-called 
Cretaceous strata. The true age of these, possessing a molluscan 
fauna and a flora of strangely Eocene aspect, mingled with Am- 
monites, Baexjiiiesy Inocera/rni, and Dinosaurians, is fisu: older than 
our Eocene, but certainly newer than our Chalk. My own belief 
has always been that they are of transition age, and fill up one 
of the greatest of the geological gaps. The Chalk firom its 
oceanic nature must formerly have been of immense extent, and 
the patches still extending over wide areas are but relics of it 
Throughout ages preceding the Eocene time and ever since until 
the present day it has been incessantly worn and denuded, to 
what extent we imperfectly see in the enormous beds of shingle 
and sand in the Eocenes, Pliocenes, and Pleistocenes, and in 
the gravels of the present sea bed. 
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REVIEWS- 



BiR, PROCTOR'S WORKS.* 

ANY subject on which Mr. Proctor undertakes to write is sure to be treated 
in an eminently lucid and concise manner. Indeed the popularity of his 
printed worksi and of his admirable scientific lectures, affords siiffident 
eridence that the fact is fully and widely appreciated. Setting apart the 
"Star Atlas " as more topographical in character than liteiary, but which, 
alieady in its fourth edition, is perhaps the most convenient guide for the 
amateur star-gazer as yet published, all the works enumerated below, with 
one exception, have run through two or more editions. 

<' The Plurality of Worlds,'' of which the fourth reprint has lately appeared| 

originally propoimded views differing from those usually accepted, these 

b«ng based on the signs of systematic aggr^;ation among the ludd stars, 

and of a more intimate association of those stars with the Milky Way than 

Could be expected were Sir W. Herschel's fundamental theory correct. In 

the last edition, beddes other modifications, three important disooyeries, that 

tUunely of oxygen in the sun, of the fading of the new star in Oygnus into 

a planetary nebula, and of the two moons of Mars, have been incorporated as 

** supplying new and strong arguments in favour of the theoiy of cosmic 

Qvolution advanced.'* 

The third edition of the ** Transits of Venus " has been enriched with the 
Results of the British Expedition, which if not altogether so satisfactory as 
could be wished, so far at least as their separate examination is concerned, 
serve at least to dispose finally of all doubt on the questions which were 
discussed before the transit of December 9, 1874 The memorable con- 
troversy on this subject will be in everyone's recollection, and probably 
Mr. Proctor is correct in stating that '' it is altogether unlikely that any 



* *' Other Worlds than Ours : The plurality of worlds studied under the 
light of recent researches." Fourth Edition. " A New Star Atias." Fourth 
Edition, folio. ^* Transits of Venus : A popular account of past and coming 
transits from a.d. 1639 to a.d. 2012." Thira Edition, to whicn is added a note 
on the results obtained by the British Expedition. " The Universe of Stars : 
Presenting researches and new views respecting the constitution of the 
Heavens.'' Second Edition. '* A Treatise on the Cycloid and all forms of 
Oycloidal Curves, &c." Bv R. A. Proctor, B. A., Scholar of St. John's OolL| 
Cambridge, Mathematical Scholar and Hon. Fellow of King's CoUegey 
London. 8vo. London : Longmans, 1878. 
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attempt will be made hereafter to malic Delinle's niethod tlip bnHB of ■ 
Bystemadc series of tmn^t opemtiona." 

" The Universe of Stare," now in its Fpcond editiao, is dedicftted ti 
and LevBirier, and aims at eslaljlialiiiig a new theory of the uni 
which, "instead of separating the atara and nebul» into distinct ejstenu,)] 
rather of looldag on the atellar sjEtem as a member of the e^'stem of nebn 
we seem compelled to look on almost every object viable even in tlie n 
puwerful telescope as a portion of one sjHtem, which comprises within it 
riinge single, multiple, and cluaterinn; staie, irresoli-aUe uebulfe, g 
bodies iif symmetrical and unsyouuetrical figuro, and in nil probabiliq 
myriads of other forms of matter as vut undetected." It inves an accn 
account of the results obtained hy Sir W. Herschel during his lung and w 
ous labours in the study of the star-deptha. The conclucioDs nrrirad «: 
briefly that " the sidereal system is altogether more complicated, n 
in structure, than has liitherto been supposed. Within one »iid tba e 
Te^aon coexist stars of many orders of real magnitude, the greatest bcdfij 
thousands of times larger than the least. All the nebube hitherto diacoTered 
whether traseous or stellar, irregular, planetaij, ring-formed, or elliptic, eM 
within the limits of the sidereal system. They all form part and para 
of that wonderful system whose nearer and brigiter parts constitute A 
glory of our nocturnal heavenB." It is impossible, with a theme like this^ h 
ft thoughtful mind not to be led on to much grand and fai^rraching speculUioB 
In the presence of the Throe that bear witnees to man's punlnesa, HstMTj 
Space, and Motion, once more tlio cry goes up to heaven so well fonniilaMd 
by Newton, as of a child picking up pebbles of knowledge on the sea-ahan^ 
while the greatoceitn of truth lies all undiscorered before him. In thish 
it takes the form of a quotation from Jean Paul which singularly reprodooa 
a Mndred dream of the boldest and most imaginative thinker of antiqni^ 
namely Ihe myth of the Whorls at the end of Plato's " Republic," 

The " Treatise on Cycloids and Oycloidal Curves " stands nn t 
different footing from tbe works above named. Whereas tbey are speculalln 
and theoretical, this is predse and constructive. It deals primarily w" ' 
tbe geometry of cycloids, curves traced out by a point in a (orcle rolling 01 
straight line, or on or within anotker inrcle, and trochoids, traced out )ij t 
point within or without a circle so rolling. 

The cycloid, long known to ancient aatronomora, was first fully invtsfl 
gated by Galileo. By suitably selecting radii and t'elocities, every form 
epicyelic carve can be obtained, including tlie epicycloid and tlie liypocjdoU 
When tbe radios of tbe fixed circle is indefinitely enlarged, ur in otb 
words, when the centre of the moving drcle advances uniformly in 
line, the curve traced out by the moving point becomes a trochoid, and n 
wther be prolate, right, or curtate, according as the velocity of the mot) 
centre is greater, equal to, or lees than the velocity of Ihe point around 11 
centre. Lastly, if tfae.rsdius of the moving circle ia indefinitely enlarged,* 
that a straight line is carried unifurmly rotmd a centre while a point tnrd 
uniformly along the line, the curve traced out becomes a spiral of the A 
to iriucb belong tbe spiral of Archimedea and the involute of tlie carde. 

,t geometers were not very eucceasful in inveetignting thvse catw 
*~ was reduced to the neccadt; of weighing paper flgurai of d 
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ennre in order to detenniDP h* m^vl. ?w»!a^ "-sii- ■; ix^ -v-. 
relations as of snffici^Li ci&^rr z\ "w — >r:rL Ir ni? ^iaii i-^ 
mathematicians to try wb-ii«» & t-tj-s: -w-Si. ljil j >i^ ;— -h h: 
mathematics was nn a z^avr f ? -^jl: "*i-^. tL^rinLia- l" izier -v: 

The book itself i* dirii^i izz «-?'-?- --r:-j i.- ii-t. :r -a-.^-s 
the ri^ht cvcloid. lie t-zv^ii jL usi Lyz*jr"jj.iL. t i-jii. i-' 
appendix or elliptical LTpiiritn.-.ui* ii** ir.-r^'r-:!. --ir -Viiru 
medes, and the spiral iracJc :f & zuk:^^? •iiiUitTv ^ -^ib:-- z:. o ■: ii 
cydoidal curve?, epicjclic*. eL^ikti:'::? ■. . 17 .l:u-i. lur— lIiL -_:»? jm.;.r. i'a> 
use of cvcluidal curve* V dr>rz_L:ir •->? ni • ^ i c ;:a*>'r i^i : ..ijt-l-. ijil 
of matter projected fr.c: t1? k.:i. 

Regarding the trsars?*: :f Ti^sfcit iisr^ri-: • lu:- r. .- m >.■=£."■•.- -w-..^^ 
the space of a notice j'ici. w iii* : . .-:■-. ii ir-r "—ij. l ■--r .'-:.-:."i- _i Iju-io.-.-- 
although the writer. C'Ltrarr : - 'j^z ? ,: tl-t*! : t*-^j - :- - i- v -.-?. mui- 1 
having read with iiicrtsi lir i'O. j*--^ .:' "» :-•■.- ■..■:■«' -t i.ie^--.- ire 
title-page to colophon. 

In the first place i: is a rsfrr?"- -- ■ ?"■ -f -- --r-.'Hir^r- l- i^*.**^! : 
analysis. There are manv r.'^ii?. ---.►-■.■-i"-' :■_ -^ .:" :.i,t h-.^ll:*.-!- t— :•:. : 
which the former :nv»is or*r .:"-.'•-: tt r-A-r :^li v^- _ir:rT . lii :j.-:-'^ ltt 
others to whom deltas atd *ir=-L» trr s. «^.L-: _l:.j--u:- '• _: -s^ij: 1:^1 r-*^!; 
always puzzle out a cc :.-tri;': . r. ii,: :> •■->-..i--.: >- c-'rrL:: c_ 
Secondly , the suLJfict, 5<«niT"Briii.: ?■::■:■-- :r.rL '.■-->■.:-. :-•...- ; i"!-ll- i_i:i 
interesting matter, aiid ^-.v/z^-rt 1 :r'..r>?i! :.:■-- nr- r.ri u-li k: i^«^ 
appears. Examples of tLir icr irr^i l-tivI...- t:.?,: -^- t^.s. " ::.t i;:J ii 
and its base is three un^rs tIa: i ^-r ^yj^^ziz^- ..-iIt . :j.*: •.j.-r r7il:.:c :: 
the cycloid is an equal cycl'.ii — rrTi:_-i —..> :_1; 1l & 1a>: :i-i:>: -4 
property utilized in II uy j-h-r Ljf* • i-j"-::.: -.?::. ..-1 ,--. . — : .1 .■ .'...i^l .1 •:*:£* 
for producing is^jchronism L-. ;«rLi.:l,rL-: :...-. v.- :.;■-..;. 1 :i "•^i z:-- ^ 
straight line when the diame^!:^ : :'-•■ r I.::..- :: !r i- -. -il : :1t ri i:-* : 
the fixed circle, as seen in "nr. aiii -li-.Ti: tt;.-^.' :_-:.. i:.:-i_i: -_r I'-^cn;- 
tion of the cardioid or eL-icvc'.ii trjwvrri 'r,\ « ;. .z.: ■:. ::.r ?>: .z-irr-z v- .::'a 
circle rolling on an er^ual circl- : v-f ::.-: :lv '. .:^ : : .r Ir/.r r^rjir:-?: ;.* a:; 
epicycloid whose genera:i:iL' circ!- l.a.- ::.:::.;:•: r*:: .- : tLat :L.. L-.p -.r.-oii jid 
becomes an ellipse whtn the dian;etrr •*: ::*•: r .'..'.:. j cir/.r i? c* iaI t» the 
radius of the fixed: the f»rw \in*:s &Vjut :Lr tr.-r^rc'.rLx. ar.d it* maLi>T <i 
solving the much vex*.-d problem of the tri-jeirt: n • ■:' ar. a::jlv. ar. J :he pnx-f 
of the identity of the epitrochoid with the sj-iral 'A Archime*.!*?. 

The comments on planetary and lunar epicyc'*-?. with two U\iutiful platei* 
in illustration, deserve s-jiecial iL^uti* >u ; a* also do ihi:»«e on which Lt- ?oar- 
hault's observations of the supp-.t-ed intra-Mercurial planet Vulcan tumt\i. 
The note on Mr. Perigal'o jre«»metric chuck, by which many of the illustra- 
tions have been furnished , will recall an old friond to many readers. The 
companion to the cycloid, better known as Koberval's "curve of sines," Ims 
the deepest interest to students of acoustics, vibration, or simple harmonic 
motion in any form ; end the graphical use of the cycloid o]»ons a coiu)mm- 
tively fresh field of labour. 

Speaking generally, the writer has derived so much pleasure from a iH»ruKaI 
of this little book that he confidently recommends it to his brother ^tudentM. 
Mr. Proctor would confer a boon on many meclianicb and physicistH if ho 
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were to supplement this volume bj undertakiiig a simple deecriptioD of otkr 
higher curves now but little known and concealed under mystical titles sodi 
as '' the Witch/' with methods for their continuous instnmiental tndng 
where possible, and a geometrical delineation of their properties. 

W. H. Stohe. 



THE SYSTEM OF THE WORLD.^ 

NEWTON stated the first law of motion in the following words : " Corpos 
omne perseverare in statu suo quiescendi vel movendi unifonniter 
in directum/' And since his time it has been universally accepted thtt 
inertia was equally applicable to uniform unretarded motion in a straight line 
as to a state of rest. 

Mr. Jordan, however, states in his first lecture that '* the latter half of tlie 
definition of vis inertia is, without the slightest fear of anyone in this roou 
rising to contradict what I say, a mere fiction. It is a fiction, and has 
always been a fiction. It is a fiction invented to explain phenomena for 
which no other explanation had been found ; no practical evidence of iU 
existence can be given in any physical phenomena.*' 

It is sincerely to be hoped that the writer of this passage will not tiy the 
dangerous, though perfectly conclusive experiment, of jumping out of a 
railway train when in motion. He might obtain unpleasant '^ practical 
evidence of its existence." 

In place of this ^' fiction " he seems to substitute what he terms " astnl 
gravitation." This new force he holds to be demonstrated by Dr. Wallich'a 
discovery of animal life at the bottom of the sea, and Mr. Kainey's experi- 
ments as to molecular motions of small particles in hermetically sealed globes 
of water. 

The writer of the present notice is well acquainted with these laborious 
and remarkable observations of Mr. Hainey, but has always regretted that 
their author should have attributed the really existent currents to so noTsl 
and unheard-of a cause as " an alteration in the centre of gravity of the 
earth." Such a phenomenon, if existent, would surely be known to astro- 
nomers, and would probably appear in the Nautical Almanac. 

The lecturer then proceeds to describe and explain ocean-currents, of 
which a good map is appended, on his own hypothesis ; especially contro- 
verting Dr. Oarpenter*s views on the subject, and the usual temperature 
theory. 

In a second lecture, after adverting to '^ the fickleness of conunon sense,** 
the trade-winds are referred to '' astral gravitation," as are also ocean cu^ 
rents "analogous to the trade-winds." Dr. Carpenter and Sir Wyville 
Thomson are stated to have " strangely mistaken sloppy mud for living fleah 
in the form of Bathybius," and thus to have '' made the greatest mistahs 
that has ever been recorded in the annals of science." 

The " new theory of vis inertias " is next applied to the tides, and 

* <' The System of the World. OhaUenge Lectures. Winds, Ocean 
Currents, and* Tides, and what they tell of the svstem of the world, &c," hj 
WillUm Lbighton Jordan, F.R.G.S. Second Edition. Hardwicke. 1877. 



BimwB. 397 

^'Gi^tainEyanaiHydxogTapher to Her Majesty,'' 18 told that ** co p ad erh y 
the trouble I haTe taken year after year tu iiMinoe him to give some attention 
to the subject, and that now he tellB me that he has not been influenced by 
my writinge, I think it is his duty to state what is the coamical cause, if 
not that indicated by the theory of tib inertis.'' The said theory is then 
applied to the correction of Kepler's law, and to demonstrate the ialn^ of 
the " linea recta '* axiom in Newton's law. '' This I didm to ha^e done,* says 
our author. '* I haye proved it fiilse by showing the new theory of yis 
inertise, which is incompatible with that so-called axiom, to be true." 

After each lecture, which seems to have elicited ^ loud applause,'' cries of 
'^hear, hear,'' and occasionally of ''Shame! No, no,"* ''members or ex- 
members of the Oouncil of the Boyal Society and the sdentific staff of the 
■Challenger Expedition ^ were " specially invited to discuss what was said by 
the lecturer.'' 

This they strangely and unaccountably neglected to do. Perhapeit would 
be best to follow thdr example. 

W. H. SI05E. 



LLOYD'S PHYSICAL PAPERS.* 

AN honoured name in the annals of science is that of Humphrey 
Lloyd ; none the less so because it takes back the younger votaries 
of science to an almost prehistoric period. " There were giants in those days," 
and it is subject for sincere joy and heartfelt congratulation that one or two 
«till survive, not only in physical but in intellectual vigour. 

Malus, Eresnel, Baden-Powell, Wheatstone, Barlow, and Pereira have 
passed away, not without leaving their mark on physical science ; and 
the links which connect them with modem acquisitions are well represented 
in the present volume. Lideed it is no smaU service conferred on science 
when a veteran in the army that makes war upon nature condescends to 
collect for his subalterns and juniors a record of his fights. Each paper in 
this book is like a clasp on the medal of " a Peninsular.^' " Orthes, Nivelles, 
Badajoz, Torres Vedras," bear no distant relation to " Report on the Present 
fitate of Physical Optics," 1834 ; " Observations of the Direction and Intensity 
of the Terrestrial Magnetic Force in Ireland ; " "On the Determination of the 
Horizontal Intensity of the Earth h Magnetic Force in absolute measure ; " 
** Notes on the Meteorology of Ireland " and ** On the Rise and Progress of 
Mechanical Philosophy : Introductory Lecture delivered in the Philosophy 
School of Trinity CoUege in Hilary Term, 1834." 

The great defect of physics as a study is the difficulty of knowing what 
has been done before. Hence immense waste of work in reinvestigation and 
rediscovery. " The older vmters on physics were sad plagiarists of our new 
discoveries," saith the genial and patient teacher of physics at much-abused 
South Kensington. But vnth more retrospective compilations like this and 
the similar work of Sir William Thomson, many a wasted hour might be 

• " Miscellaneous Papers connected vnth Phyacal Science," By Humphrey 
Lloyd, D.D., D.O.L., Provost of Trinity College Dublin, formerly Professor 
•of Natural Philosophy in the University. Reprinted from several Reports and 
Transactions. London: Longmans. 1877. 
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saved, m&tiy a. diAappointment might be averted, and miuij an error in tb» 
prulit Hud io^ HCuount of science on ^ound of double ent^ miglit ht 
remedied. 



FLOWERS.* 

IN Botany, Da in Zoology, eince the publication of Jfr. Darwin's " Origin of 
Species" eui entirety new Btart bas been made. The influeDoe exerted 
by this and the other woike of thnt di^tiDgtiislied niituniliat does not depend 
in the very least upon the acceptance or non-acceptance of Ma pecnlitr 
theory, or indeed of the doctrina of evolution in any fonn; it ie foandad 
upon the fact that the mere raising of the question by a vwcfl so paweifal, 
opened op perfectly new lines of inreeti^tion for tlie naturalist, and dioTC 
him perforce to the consideration of Ihnw interiiretataons of organic heio^ u 
living things, vbich there was great danger mi^ht be lost iight of under lb« 
teachiagB of the purely anatomical and analytical school of naturalists Ikat 
was rapidly gaining the upper band. Afr. Darwin's works, whatever nii|iht 
be their intrinsic merite or demerits, certainly hod this benelicini effect — tbej 
drove naturalists to the study of organisms in nnture, of th^ mutual relation* 
and influence on each other; they gave a new and strikiug NgniSouice to 
the facte of geographical distribuUon, and invested the facts of palicoDtok^ 
viUi an interest wbicb they never before possessed. Natuislly also the old 
teleological view, according to which, as a geneml rule, natural objeots 
ware looked at chiefly as they affected ourselves, speedily fell into diarepnle, 
and a grander and far more healthy philosophy of nature W86 tnnnuated 
into the minds of men. We began to I'ealize thnt animals and plants might, 
perliape, exist for themselves and for each other without referenci' to lliB 
CuoTenience or enjoyment of the " Lovds of the Creation," and as this notian 
gwned ground, a multitude of harmonies, before unsuspected, were lajndly 
brought to light. 

Nowhere have the consequences of the new methods of study been more 
striking than in the domain of flowers. A multitude of flowers which 
seemed to ordinary obeervera mere meaningless biaiiTen'ai, and puiiled the 
botanist by their peculiarities of structure, were found, aa in the case of 
tlie archids, to have a very serious significance, and their inteqiretation led 
indirectly to a comprehension of an immense number of other instances of 
apparent anomalies in floral structure, which were now seen to have a deep 
meaning and to be in accordance with a very general law. Ail these ob- 
servations, by guiding to an appreciation of the influence exerdsed by insecto 
upon the fertilisation of flowers, opeued a fresh field of research as to the 
purpose in nature of the brigbt colours and the odours of Qowers. and led to 
the inrestjgntion of a hoiit of phouomena whicii had previously attracted 
little attention. 

It is not our purpose, nor is it within our jwwer in the space at our com- 
mand, to attempt giving even n rough sketch of the infinity of points of 
interest counecled with flowers and flowering plauts of which the new 



' " Flowers; their Origin, Shapes, Perfumes, and Colour," Bt J. E. Taylor, 
Ph.D., F.L.8., F.O.S. Small 8vo, London x Iliuilwicke & liogue. IS/S. 
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philosophy of natiml history has opened a prospect, and which Dr. 

Taylor, in the little hook hefbie ns, has very successfully discussed. Here 

the reader will find explained, and in a {feasant and popular style, all 

the points to which we ha^e merely alluded ahove, and a good many more, 

the hook being in fact a brief treatise on flowering plants in themselyes and 

in their relations to the outside world. The geographical distribution of 

^ants not unnaturally occupies a prominent position, and in connexion 

with this their geological history is of importance, besides leading to certain 

curious speculations with regard to the relations prevailing in past time 

hetween insects and plants. The remarkable results of the investigations of 

Mr. Darwin and others upon the orchids and upon dimorphic and trimorphic 

^ants are given in considerable detail — in iiict the whole subject is well 

treated, and the author may certainly congratulate himself on having 

fiilfilled the deugn with which he set out, namely, ''to place before that 

portion of the intelligent public who have the desire, but neither the time 

nor the opportunity, to make themselves acquainted with natural science, the 

ehanning and suggestive results of modem botamc<«-l investigation.** It is, 

indeed, for its suggestiveness, in addition to the vast amount of information 

collected in its pages, that we should specially recommend Dr. Taylor*B littie 

book ; it will probably suggest to many members of " the intelligent public '^ 

frho fancy that they have no time or opportunity for natural-hietory studies, 

that after all here are paths indicated which may lead them to a keener 

ippredation of nature, and of the system of nature, by means of personal 

observation, without making any very serious inroads upon their time ; and 

the hook is so manynnded that all fancies may be hit by it. 

The little volume is illustrated with eight coloured plates of common 
flowers, each containing four figures, and with a great number of veiy good 
wood engravings scattered through the text. 



FERNS.* 

"II7E are told by an excellent authority, of a certain Peter Bell, that 

"A primrose by the river's brim 
A yellow primrose was to him. 
And it was nothing more." 

His opinion of ferns would probably have been of a still more disparaging 
nature ; and we are afraid that in this respect there are a good many Peter Bells 
in the world. It is, so fiu* as we know, the main object of Mr. F. G. Heath^s 
literary activity to convert these benighted individuals to what, with all the 
zeal of a missionary to the heathen, he regards impliciUy as the true faith, 
namely, a belief that his favourite ferns are among the most beautiful of 
plants ; and truly those who are familiar with them will hardly be inclined 
to gainsay this opinion. In their graceful curves, in the delicate tracery of 
their fronds, in the beautiful efiects of colour and of light and shade which 
they present, none of the lowlier growing plants come near them ; and it is 

• " The Fern Paradise, a Plea for the Culture of Ferns." By Francis 
George Heath. Fourth Edition. 8vo. London : Sampson Low & Co. 1878. 
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probftbly owing cUietty to their want of flowers ihst llwj- are i 
that amount of non-appreciatioQ which they certainly da meet with, 

Oertunly the ferns ore fortunate in their preseat adTocale. Mi. Heatl 
WRtea about them with a Icouwledge derived froia year« of study, and 
aa euthu^oam which ought to cany his readers wil^ him. In his " 
Paradise," a fourth copiously illuiatrnted editiuQ of which has just apptfjuinl 
Lis desciiptioDB of ferny scenery, especioliy in DeTonslure, the land of fem^ 
euffice to inajure the reader with a longing dedre to join in the shady wa" 
and pleasant rambles which are so vividly presented to his unogination, ■ 
gun infinitely by their contrast with the hrich walls and glaiing paTemeut 
among which it is the fate of so many of ua to pass the greater port of 
lives. Thix portion of Mr. Uenth'a book ia beautifully illuetrBt«d witl 
numerous photographic riews of the scenery described, reproduced by t 
Woodbury proceaa. These views have been select«l with the eyo of aa 

Mr, Heath's task does not end here, however. The misidoiiary's businesa. 
would be but lamely performed if hu merely convinced hia c 
fixiBtence of Paradise without teaching tliem how to get there ; and our 
author's mission would be equally unfullilled if be stopped short nt nieiel] 
couviuoing his reader's mind that ferns are very beautilU things. He 
Heath's convictiou is that the contemplation of the beautii'ul forms aei 
delicate colours of ferns, the taking an interest in them and learning eone 
thing about them, cannot but have a refining and improving influence upM 
the mind, and that tlie cultivation of ferns may in tUs way be most ban* 
flcial. lie further shows that this cultivation may be very easily efiocted, si 
that those to whom a country ramble comes like a brief ray of sunaluiwii 
an otherwise clouded existence may surround themselves at home nith ti 
beautiful feathery forms of these children of the woods and green lone 
Some of them may be grown in almost any scrap of garden, in house 
windows, yards, and even in the areas of city dwelUogs. Lace and jemi 
fine furniture, [uctures, statues, and vases, ore all beautiful things, bnttg 
get them is the lot of but few ; tbe ■' Fern Paindise," on the coDtiuj, 
may be reAlixed by almost everyone and in almost any aituati 
guide to such of his readers as may desire to put his teiachings tc 
use, Hr. Heath gives a eeiies of descriptions of Britisli ferns, livo as &r 
posable from scientilic lectmlcalities, and accompanied ly statomenta as 
the hnbita and needs of the vaiiaus spedes. TliJs section of tbe book w 
be very useful to the begiuuer, whose determinations of tile spcdea will b( 
materially facilitated by the figures, showing the ferns Ln wbito npaii > 
black ground, with which it ia illustrated. 

While we cannot go quite bo for as oui author in his belief in tbe omsliv' 
rating iniluencua of fern-culture, we can sympathize with bim in his desin U 
eee these beautiful plants more generally cultivated. The mere tandlngd 
them and watching their growth must be a Eoun» of puis pleasure to IbM 
who con be induced to take an interest b them ; tbe contemplation of tlwb 
beautiliil forma and delicate colour must also be n source of gratifiottus 
and unquestionably the influence of such pleasures upon the mind n 
benetimlf even independently of any knowledge of natural phei: 




which may be picked up I7 the way. We can r«Oommend Ikb-. UmiO£ 
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Ixwk as one ihat will 1w nad wtth moeb ui I mmu aad is eoEcrxaac as oshr 
express our gistification that ha wateem has alnftdr been inch a» to inrrazt 
his expanding lus original fittle Tolmne to its preaent frfa. in vhich h is 
what our French friends woold call a ToitaUe amrram de Imrf, 



NICHOLSONS MANUAL OF ZOOLOGY.* 
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"£ have much pleasure in calfing attentun to the puhGcatioii of a fifth 
edition of this exceDent manual It ift, peshape, tike best exponent of 
modem non-Hseckelian views on loologieal elasafieat>>n that we ptMsess in 
English; and in the present edition, wluch is consderabty enlarged* the 
author has been enaUed to insert a good manr more details as t) the habits 
of animal a and thdr relations to each other than were to be f<>und in former 
issues, which might be regarded rather as ghing the drr bones of animal mor- 
phology, than as expodtions of the icienee of animah as tbej " live and more 
and haye thdr bdng." Much room for improrement in this re?pect no doubt 
still remains, but unless the book could be at least doubled in size, it would 
hardly be possiUe to gire a satislactorr xoology embracing as much of 
s tr u c tu ral detail as the present work. As a manual for students, which is 
what it professes to be, Professor Nicholson s book » exceedingly good. 

This fifth edition does not differ in any important particulars from its pre- 
decessors, as regards the general treatment of the rabject. The classification 
adopted is the same, with some slight exceptions, where groups of recent 
estaUishment have been accepted ; but the treatment is much fuller, and 
the results of very recent researches have been worked in, the additions 
being even more extenaye than would appear from the increased number of 
pages, seeing that the author has adopted the device of printing a good deal 
of matter of subordinate importance in small-type paragraphs. 

Another new feature in the book is the suppression of the synoptical 
tables of families which appeared in former editions and the substitution for 
them of class bibliographies, which, if in some instances rather defective, 
wiU nevertheless prove useful to the student by indicating the main directions 
in which his further studies may be profitably pursued. Thb edition, which 
has many new illustrations, worthily maintuns the reputation acquired by 
its predecessors. 

THE MAMMOTH AND MAN.t 

fflHE object of the writer is to prove that there are no traces of Man having 
A existed before or during the so-called Glacial Period — that this Period 
occurred at no considerable distance of time ago — and that Man was intro* 

• " A Manual of Zoology for the Use of Students, vdth a General Intro^ 
duction on the Prindples of Zoology." By Henry Alleyne Nicholson, M.D., 
D.Sc., M. A., Ph.D., F.RS j:., F.G.S. Fifth Edition. 8vo. Edinburgh and 
London : Blackwood & Sons. 1878. 

t '' The Epoch of the Mammoth and the Apparition of Man upon the 
Earth." By J. C. Southall, A.M., LL.D. With Illustrations. 8vo. 
Triibner & Co., London : 1878. 
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duced recently, since that Period, in the fulness of his deyelopment. Dr. 
Southall QTOws his desire to treat oi facts in discussing the question of Man's 
age on the earth ; but he has apparently a very limited view of many of the 
facts he refers to, and certainly uses them only as data for special pleading. 

The style of argument adopted can be thus illustrated. No human remains 
have been found in Miocene or Pliocene strata, ^90, Man never exLited in 
Tertiary times I High civilization obtained in the earliest known times of 
Egyptian and Babylonian history, ergoy there was never a purely Stone Ago 
in Egypt and Ohaldea I Cain huUt a city, ergOy the earliest men were archi- 
tects! Chaldeans and Egyptians appear to Dr. Southall to have come 
abruptly on the scene in a civilized condition some 6,000 or 10,000 years ago. 
ergo, Palseolithic Man can claim no higher antiquity ; hence, too, there was 
no evolution as far as the human race is concerned ! Further, many beliefr, 
customs, and modes of worship are, or have been, common to widely separate 
nations, ergo, mankind came at once, Egyptian, Hindoo, Babyl'^nian, tho 
^' fossil man of Mentone," the Neanderthal savage, and men of the Somme 
Valley, and not more than 10,000 years ago I Errors have been made hv 
antiquaries and others in estimating the age of antiquities, fossil bones, marks 
on bones, and of natural and artificial accumulations, ergo, there is no accept- 
able evidence of high antiquity for man I 

Megalithic Monuments, Lake-dwellings, Danish Shell-mounds, Peat- 
deposits, Bone-caves, and River-gravels, are all regarded as having led both 
original and subsequent observers over treacherous grounds into faUacious 
reasonings, which our author thinks himself competent to make good! 
Because there are comparatively recent stone-implements, pile-dwellings, 
refuse-heaps, and peat-beds, none can be credited with a high antiquity! 
Because floods can shift gravel and other d^ris, a grand pluvial flood must 
have followed the Glacial period and arranged the valley-gravels of Western 
Europe ! Because Assyrian kings hunted the Asiatic elephant, therefore 
the JSlephns pritnigenius of Northern Europe, or Siberian Mammoth, carries 
no evidence of high antiquity ! Oscillations of land and sea are allowed to 
have taken place on a grand scale ; but, as one of the evidences " that force 
as well as time is an element in geological action," the long-exploded mistake 
about Jorullo is reproduced ; and the volcanic phenomena of Miocene and 
Pliocene times are brought in as " recent geological convulsions *' ; but how 
they fall in with our author's notions of the history of man is not clear. 
And thus we go on reading Dr. SouthalFs many notes on other people's dis- 
coveries and writings, over many parts of the globe, and find tJiat the evi- 
dences for man*s great antiquity are carefully eschewed, and whatever can 
be brought forward to strengthen the writer's own opinion is industriously 
presented. When we look for a scientific treatment of such subjects as the 
alterations of level by oscillation and denudation — of successive depositions 
and removals of material — of changes in the configuration of Western 
Europe, where certain races of early man did exist — and of variations of 
climate, and consequent difierences in successive faunas and floras, we have 
the results of imperfect and one-sided efforts to master the facts and opinions 
which geologists and naturalists have given to the thinking world. 



BEmwB. SOS 



THE HUMAN EYE.* 



rtlds little book Dr. Dudgeon farniBheB hu readers with an ezeelleot 
popular description of the eye, and of the optical principle? br which it 
is enabled to convey to the brain the Tiwal impreaaons of external object*. 
The whole explanation b very dear and ludd, and the author has avaOed 
himself of all the more important recent treatises on Tiaon published l^Jth 
in this country and on the Continent. Of espedal interest are his observa- 
tions on sub-aquatic yidon, upon which he has made many personal experi- 
ments which lead him to the conduaon that perfect Tiaon cannot be 
attained under water by the unasdsted eye, and he accordingly recommends 
the use of air-spectacles, the construction of which is fully explained, in 
order to coimteract the altered conditions of refraction which must afieet 
vision under water. 

This, howeyer, is not the only original part of Dr. Dudgeon^s little book. 
The question of the means by which the eye is enabled to adapt itself to 
naon at different distances is one which has always presented consideraUe 
difficulties, and the observed phenomena, and espedally the direct observa- 
tion of the form of the eaxfaces of the lens in near and distant vision, led 
the author to the conduaon that changes of convexity in that particular 
part of the eye were not the causes of the adaptation of the eye. More- 
over the mechanism for producing them seemed to be wanting. The con- 
aderalion of the phenomena presented by the surfiace of the lens, when the 
eye is directly examined imder changed conditions of vision, suggested to 
Dr. Dudgeon another explanation, namely, a shifting of the position or 
twisting of the lens relatively to the axis of the eye, which, he maintains, 
from the form of the two surfaces of the lens, would produce the alterations 
of refractive power necessary to adjust the eye to changes of distance. 
Upon this ingenious hypothesis we shall not venture to offer an oiJiDion, but 
it certainly seems worthy the attention of students. The little book is 
fully illustrated with woodcuts, and is a valuable contribution to our popular 
sdentific literature. 

A GEOLOGICAL MAP OF LONDON.t 

rIS is Stanford's capital " Library Map of London," coloured geologically. 
The scale is six inches to a mile, fjEU* larger than that of any other 
geological map of London, the Geological Survey having published only the 
ordinary "one inch" map. The area embraces on the north IJampstead, 
Highgate, Clapton, and Leyton ; on the east Stratford, Greenwich, and Lee ; 
on the south Peckenham, Anerley, and Merton ; and on the west ^Mmbledon, 
Putney, Hammersmith, and Willesden. 

The compilation of the geological information has been carefully carried 
out by Mr. Jordan, who has great experience in such work. The map 
shows not only the Chalk and the various Tertiary beds, but also, to quote 
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fix>in the Publishers' Circular; ''the superficial depodts of gravel, &c,, whicb^ 
though comparatively thin, have so great an efiect on the form of the surface 
and the nature of the soil.** 

The work can be had in various forms, to suit the convenience of pur* 
chasers. Each of the 24 sheets is sold separately ; or the whole in a portfolio,, 
with an index inside the cover ; or mounted together as a large wall-map. 

BIBLE PLANTS.* 

BIBLE students have every reason to be prrateful to Mr. Smith, the ex- 
curator of the Botanical Gardens at Kew, for the concise historv of 
the plants mentioned in the Bible which he has just prepared for their delec- 
tation and improvement. He has de^^oted a considerable amount of labour 
to the identification of the plants and plant-products mentioned in the 
Scriptures, and to collecting and considering the opinions of previous writers, 
and in this little volume we find the results of his investigations. The whole 
number of plants, as he teUs us, is only about 100, and those who have 
never paid attention to the subject will be rather surprised to find how 
many plants, called by familiar English names in our '' Authorised Version,'' 
are anything but what they profess to be. Thus the *' tares '* spoken of fre* 
quently in the Bible are not the same as the wholesome and nutritive vetch 
which is known by that name, but a species of grass very similar in 
appearance to wheat or rye, but the grain of which is so poisonous that 
serious illness or even death has been caused by eating bread contfuning its 
fiour. This explains some of the references to tares, and especially to the 
sowing of tares amongst an enemy*s wheat. Many points of equal interest 
to this appear throughout the book, which is illustrated with ten chaiao- 
teristic plates. We recommend Mr. Smith's little volume to the attention of 
all interested in Hble studies, especially to those who have to do with the 
conmiunication of information on scriptural matters to the yoimg. 



PHOTOGRAPHIC SPECTRA.t 

r[S is an excellent work of reference, well got up, and containing thirty- 
eight excellent autotype plates of spectra, including an additional photo- 
graph of the solar spectrum and spark in air, compared for the purpose of 
showing the position of bright lines in the former assigned by Professor 
Draper to oxygen. Other bright lines are seen towards the green end in 
both spectra, which are not included in Professor Draper's photograph. 

The metallic spectra were obtained by the induction spark and l^ means 
of the electric arc. The wave-lengths are taken partly from Lecoq de 
Boisbaudran, partly from Dr. Watt's " Index of Spectra." The photographs 
are printed four to a page, on uniform lengths of four inches, on prepared 
paper of fine nacreous surface, which would probably lend itself well to 
accurate measurement. 

* '< Kble Plants : their History, with a Review of the Opinions of Various 
Writers regarding their Identification." By John Smith, A.L.S. 8vo. Lon- 
don: Hardwicke and Bogue, 1878. 

t '^ Photographic Spectra." One hundred and thirty-six photographs of 
metallic, gaseous, and other spectra, printed by the permanent autotfpe 
vrocMM with introduction, description of platM, index, &c Bj J. Pau) 
~ AJ9. Svo. London : Spon, 1877. 
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h Afnerican Inscribed Stone*, — Id a buxial inoond oo Cook Fann 
avenport, Iowa, the Rev. J. QasB has fbmid some jifffriM taUeli of 
ions shale, which, if thej ptore gemtiDey of wldeh we nuMt eonCBM 
seziis to be some doubt, will take tfaorplaoe among die moat iotentt- 
hiBtoric pieces of human workmanship. The moond mKler ezplon^doo 
led two grave-hollows, in one of idiidi, at adepth of about &we «id a^half 
m the surfiMse there were three skdetooa, two of adults, with the third 
fa child) lying between them ; with these wen found copper heads and 
axes, besides other objects. The second graTe-hoEow contttoed some 
Dts of skull-bonee, vertebrse, &c., and the inscribed taUets ahore- 
ued. Mr. Ghiss describes the mode of their oceonenos ae foflows : — 
;wo tablets were lying close together on the hard day, in the north- 
)mer of the grave, about five and a-half feet from the snrfiice of the 
. . . . The smaller one is engraved on one side only, and the 
on both sides. . . . Both were closely endreled by a single row 
^stones. They were covered on both sidee with day, on removal of 
th 3 markings were for the first time discovered. A number of frag- 
of the coal-elate lay in the iounediate vidnity of the tablets. It 
also be remarked that I did not leave the mound after penetrating 
h the frost* until the tablets were discovered and taken from their 
•-place with my own hands. ^ 

^ tablets are described and discussed at considerable length by Dr. J. 

iiarson, whose account of them is illustrated with reproductions of 

^phs. Dr. Farquharson also notices the various inscribed stones 

have been previously found in the United States, most of which 

to have been, if not frauds, at any rate not genuine ; the best of them 

of Dighton Rock near the mouth of Taunton River in Massachusetts, 

is a Runic inscription recording the occupation of that region by 151 

nen with Thorfins, who is identified with Thorfinn Karlsefii, with 

saga it closely agrees. 

smaller of the two tablets is called by Br. Farquharson a " Oalendar- 



he excavation was made on the 10th of January, when the ground was 
hard. A shell-layer traversing the mound above the graves is said to 
leen undisturbed. 
W SERIES — NO. VII. X 



306 



FOPDLAR eClEHdB BKYtEff; 



stone-" It is marlied with a centml circle, hftvinir a ndius of one tad 
mund which, with the enme centre, are inscribed three other drcles at r 
aTeng<e distance of three-<juArt«rs of an inofa. The apac« between Ui* firs 
and ftMood circlee ia marked with four characters diridinp it into quad 
tanta; in the space between the third and fonrth circles there u« twdv 
charact«ra at equal distances apart. As to the signitication of these cl 
Dr. Farquharaon b quit« in the dark ; some of them bare a rude i 
eemUauce to animals, and one b interpreted as representing CT<MA-booea au 
mounted by a flame, but unaccompanied by the skull which is alway 
The Ditctor ^u^gestA a 



MBociated with them in Jlaja sculptur 
interpretation of this deaign, but does n 



t seem t>) place much taitb i 



s with a ■' sacrificial or ci«inB&a» 
■3 with their bands joineil 



biaiself. 

One side of the larger tablet preaenis : 
scene," Hhowing a number of human fi^i 

ing part of a great ring round a fire, with several human bodies lying 
ground as if ready to be consigned to the flames. This is in accordance mik 
the account long since given by t* Hontan, who says: — " The savages -lO 
the Long lUver (Mieaasippi) burn their dead, reserving the bodies until 
there are a sufficient number to hum tt^ther, which is performed out of tha 
village, in a place set apart for the purpose." Above th-' cremation- 
are three eegmenta of Isr^ circles, forming a I'unbow-like arch stretcb* 
ing from side to side of the stone ; the !<pace below this arch, which may b« 
taken to represent the sky, is thickly studded with small points, and 
two circular figures one on each ^de, the whole no doubt intended to n* 
present stars, sun, and ronon. The spaces between the curved lines, and Uw 
space above them, are entirely covered with engraved characters, of wUch 
no one has yet discovered the nnture. In all, there are ninety-dght 
characters, but twen^-four of these are repetitions, so that there an aeveotf- 
four distinct figures. As a whole, or even geoeraUy, they resemble M 
known alphabet, although, of course, it is not difficult to trace n dmilaii^ 
between some of the characters and those of certain alphabets, 

The engraving on the other side of the large tablet is explained ua 
"Hunting Scene." Thirty animals are rudely represented upon it, lai 
among them are some which Dr. Farqubarson interprets as mastodona, and U 
must be admitted that they have a very elephantine outline, althoufb 
neither the trunk nor the tuska are shown. This picture is not accompuM 
by any characters. It is evident that if the genuineness of these artielM 
can be fully eetabliahed their discovery opens up an entirely new view of tbt 
condition of man in America, where, hitherto, be is supposed, at any nleb 
primitive times, not to have advanced beyond the art of {uctore-writisil- 
— (Procfedingi cf tht Davtni>ort Academy of It'atariU Srt'encM, vol. ii,, put L) 
A Prekiitorir Foundn/ uf Saloipin.—ii.. E. DesoT has read to the Soddy 
of Natural Sciences of NeuchStel, an interesting memoir upon some discovedn 
of prebietoric remains lately made in and near Bologna. He says theevidenoi 
of prahiatoric Italian civilisation lately obtained from diggings in that dinricl 
(st Villanova, Bonzano, Amoaldi, Benocci, and Laca^, notwitbttandiog a »■ 
semblance to the true Etruscan type, have, in many respects, a definite sptdal 
cbanicler ("type of Villanova"). .Isitwaa impoeaibte not to see what a 

J relationship unites the srt-prodacts found about the banks of the Reoo 



wiih tboH of the Sniis I»ke-statioiu of the bronw-iige, niid with thiiM of 
the GiUlie of the commeocement of the iroo nge, luid ae erea h portion of 
tbe local (lif&rencM hte in importance from the circumabuice that the one 
aeries of objecte niu apecially destined for the aerTicu of the liria^. and the 
«therforthe adornment of the deiid, the sujtpii^tion Ibat they had a common 
origio was eHsily arrived at. Their common aource was supposed either to be 
uinngtlie compnntirely mors Hd\nn('ed peoples of thephun of the Po.or, m 
tto plaea for their production en yc.g baa yet bwn found there, in the old seat 
of tlia nronie-civilization at the foot of the Caucuua. About a year b{;u, in 
the middle of Bolo^n, near the church of St. Francis, M. Zonnoni, an 
■ogineer, came ii[K)d a ^reat earthen vessel, 4 ft. S in. high and 4 (t, broad 
■t a depth of about two feet. Id this there were 14,000 bronze articles of 
■dmiraUe workmanship, packed together aa cloeely as possible, and nil coated 
irith the ordinary ^een patina. MM. Desor and Berthoud caiun to Bologna 
jnrt when the whole tontenta of this vessel were exhibited in the Town Ilall. 
<X c«lta there were 2,077, from rough, wedjfe-shsped ones to the most highly 
finialied and engrared specimenH; ^.407 fihulie in 2.5 principal forms; a great i 
KOmber of knives of every form and »iie, and also in part engnved ; hui> J 
jnda of chisels and a good many gouges : 276 Unce-heads varying ffreatly in 
length up to more thaiia fool, although remarkably similar in form ; hnlf-»> 
hundred Bckles, many of tham very large. Of bits for horses there < 
■bont GO, made evidently for a considerably larger race than that of the Swiaa 
Takn nlntiTnr There were tiah-hnoks, harpoona, hammers, a large anvil, a 
flaiUi, and n doxeu saws. Further, sereral hundred dilierent bracelets, all 
nasave, with the ends often in the shape of the heads of animals ; numerous 
hair pin*, although comparatively fewer than in SwitMrlnnd, and usually 
with flat heads 1 50 razors with small handles ; numerous orii&ment«d plates, 
(he pattern of which in part reeembled those of Yillanova ; a comb ; short 
tubular pieces with appendages like ear-drops; quadrangular plates with 
markings, regarded by Goziadini as little bells. The weapons were ct>ro- 
paiatively few, and consisted of dnggers, armwheads, and swords. With all 
iheft were casting mouldii both of bard bronie and of eiLrth. 

The preservatian of the specimens was not quite uniform. Among the 
hatchets there are some quite rough, still showing the line of junction of the 
moulds; others worn, and others quite new. Of the fibulie also, some are 
injured and others quite perfect; some have the ton?iie damaged or lost; in 
Others it has been refixed with a small iron rivet, or completed by a small 
lamina of bronze of suitable form. If to all this we add. that fracmenta 
and wnsle pieces were not wanting, and wf re cerlaioly intended to be melted 
np, there can be no doubt that we have here the indications of an establish- 
ment in which articles were cast and repaired. It was probably in time of 
danger, perhaps of a hostile attack, that the possessor of these nmneroua 
articles packed them so closely into the smallest ]ioasihle space, without being 
able to recover his property, as, fortunately for us, its recent discovery proves. 
.Vo doubt from such a workshop, of which, perhaps, we have by no means all 
liie remains before us, exportation was carried on, as thi.s would be easier 
than the i^xpovt of pottery, even over the mountains. 

Thus it would seem that we have here a source of broniie objects for Italy 
•nd perhaps also for Switzerland, but at the same time, it must be lemem- 
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U-ivd tluti tliti articles fuuud show difiereucee from Uiose of the Swiw LaLs 
stations. Many objeota, Buc'h as tlie hrge tricklea and lance-head^, Ihe mi 
abiindADt t<nm of Gbulai found at Bulogna, the protectious for tlie Arm ma 
of bronze wire, the plt-pnnt hollow cylinders, probably ornnmi'uU fi* the hi 
(tutuli), axi'9 Bitch na would etTve for chopping wood, and Urge nail* baa 
sis to eight iuchea lOBff, are either rare or entirely wanting bo fnr its w 
nortlt of the Alpa, or, in pince of tliL-n, other forms are found- On the othfl 
iinnd we misp, nt Bologna, the large, hollow, engraved bracelets, and thi 
round-liended hiurpin* of Switzerland. 

The determination of the age of these remains would be importaiit, a 
must at the same time throw light on that of the Swiaa 1 
niicther belonging to the first development of the Etruscans (" Prot»-Etni* 
cans ") or to another people, the civilixntion of Villanova and Bologna w 
cerlidnly earlier than the tnie great Etruecan period. Upon thia queetioi^ 
and in what relation if any these inhabitants stood to the Meditem 
peoples who in the fourteenth century before our era mnde bead aguiut tl 
Pliaiaobs both by land nod sen, further information ts much to be «i~ ' 
— (A'niw Jithrb. far Mi«. Ofi-I. Scr., lWt>, Heft 3.) 



ASTRONOMY. 

Trmitt of Venus in 1874.— It would w;em we may now expect a tueei 
Hon of new determinations of the sun's dislanci' from obeerrations mode i 
this transit; for the Contiuental and American nrtronomers haTC still h 
announce their results, and from Greenwich alone we haTC already n 
several different determinations. It will be remembered that the Gift molt 
announced from Greenwich made the solar parallax 8-76", correspoiidiiip U 
n mean solar distance of !I3,376,000 miles. The Astronomer lioynl en _ 
tbe ojunion that this value could not be changed by any re-examination of tW 
obiervations, and that considered in its relation to other values, it ihoa' 
preferred to all. " I think there will bo nothing to compete with the 
we have deduced," he said. We ventured at the time to express a ttrj 
different opinion, namely, Ilint this value would have to be modilied liU)fdf« 
and that it could not compete with the estimate of about V-J,3M,000 dediuii 
by Newcomb. The result has confirmed our views. All the • 
have been re-eiamined ; " different intcrpretBtions have, in a fe 
been put on the records ; several observations from colonial st 
bsen combined ; instead of using different phases in the observationa (boA 
of ingress and of egress) attempts have been made to ascertain the on* phi 
of "contact of limbs;" the notes of a few unpractised observers liBVo bi 
rejected; and the reeult for parallax has been increased to 9-82" or 8'69*{ 
corresponding to a mean solar dirtance of 82,676,000 or 02,57 1 ,000 miles, 01 
nay to a mean distance of 1)2,620,000 miles. This is a long stride ia tl 
diiwtioQ we predictedf 

Photoip-ophy in the Transit Ohnerrarlons. — The results from pbotqgnfb; 
have been very disappointing. " The failure," says Sir Geoi^ All^i In tl 
firecnwich roporl, "has arisen, perbapa, &om in'egularity of limb, or fl«l 
' distortion, hut more fVequently from fiuntncsa and WAntof da 




■defiutios. Man; photographs, which U i 
sti«i)gth and abtrpDess when plACml ud ' 
wfie once reniaiked to me, ' you might ms wefl try to v 
light.' .V final result, 8'17", was obtained from Air. Burton's mnsuret, and 
-06" from Captain Tupman's." These value* correspond to mean Mlar di»- 
laiicea of ]00,U50,000 miln and 101,101,000 miles, which are of comae 
utterly untenable. 

Tht TrimtU of Mercnn/. — The weather on May tl waa Dot faToomble in 
this country or in Franca. The contacts were observed at Gottingen, 
Joaephatadi, luel, Antwerp, San Fernando, and Chriatiama. .^t Kiel and 
San Fernando a difference of time wiu Doted between apparent and r«Al 
contact j eliiewbece none seems to have been noted. In the United States 
numj important obserrationa were made, both by .\mencaii aationom«ra 
and the French Expedition. We learn that at the obaervatory of I)r. Henry 
Draper, Hasting^ on the Hudson, a number of ob8er^er>t availed themselves 
of the admirable iDitrumetital resources provided by Dr. Draper, and the 
weather being favoiuable very good results were obtained ; Mversl of the 
ncgadvee takes by Dr. Draper were particularly goi>d. Observations wer» 
made also at Washington by Professor Newcomb ; and at other established 
astronomical observatoiies. The mean time of first internal contact reduced 
to the earth's centre was in every caae earlier than the calculated time by 
Ml interval varying from 14'1 seconds at Washinston bi 37'? secondu at 
'iottingen. 

IVu/tiaii Phentrtiieiia Obieroed at tkr Transit of Mercury. — The bright spot 



1 by several obBwrvers, i 
those who saw it had all seen the I 
negative; but this was by no n 
luiddle of Mercury's disc, s'ime 
ipT-eared as a well defined point, U 



t seen by about as many more. 
le spot, the poutive would overweigh the 
ins the caae. Some saw the spot in the 
.w it eccentrically utuated ; to some it 
iilhers as a miaty patch ■■, to some single, 
I others double. Remembering further the utter improbalality, we may 
nlmoat day the physical impoaaibility, that there could really be prewnt on 
the surlace of Mercury a spot bright enough to be seen under the circum- 
stances in which a transt is observel, we camiot hesitate to regard the spot 
as a merely optical phenomenon, As to the ring around Mercury the caso 
seems almost as clear, but not quite so. On any phyaical intei-pretation of a 
ring either dark or bright seen round Jlercury, a bright arc should be dis- 
tinctly I'isible round the part of Mercury not yet entered on the sun before 
iirst internal contact, and round the part which has passed outside the solar 
disc after second internal contact. Nothing of the «ort seems to Wve been 
noticed on May 6. If when all the accounts, nsd espL-cially those troiu 
.America, have been received, this should turn out In be the case, we n:uBt 
reject the obeervations of n ring seen round the planet when i>ii the sun, as 
unqueetionnbly Uluaory or optical phenomena only. That this is so, is 
ntrongly suggested by the varying nature of the phenomena seen by different 
obwi'vers, Some saw a bright ring, othew a dark uue ; some a broad ring 
round a narrow one : the bright ring was uniform as seen by some, a mere 
bright border to a dusky ring, aa seen by others; complete as seen by most 
observers, incomplete as seen by one observer. On the whole, it seems 
^-tolerably certaio that the ring is an entirely subjectiTe phenomenon, and 
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quite certain tlint it is in great part Bobjective. On tliife view of tfasN 
some of tbe obeervntions Beem more worth; tbuk the reel of spocial n 
[Since tbe above lines were written, however, news has been tec^vod froi 
Professor Youn^, of Princeton, America, which seems imputtuit. tl 
observed that the rice-grains close to the edge of Slercury seemed, if ftnr 
thing, lengthened radiallj'. This was doubtless either ai 
accidental relation ; but as, if Mercury bad an atmosphere of sppreditlil 
breadth, tbe rice-graiua would have been elongated the other wh; — thai I* 
at right angles to tbe direction of radii of Mercury'B di«c — we tiiBi,v nfet] 
infer that the atmosphere of Mercurr is of reiy small depth. Th« bigh 
and dusky rings muAt then be regarded as optical iUii^ons.] 

Earii/ Sulnr Photograph Shmcmg Granule*. — Dr. Rutherford, of Nmi 
York, has preeented to the Astronomical Society a copy on glaM ttom t 
nc^liTe of the sun, made at his observatory on August 11, 1671. It Wfn 
sente a small portion of tbe sun's disc with one spot and a group of a 
ones. He calls attention to the fact that with a proper lens the grantilatiaiui 
rice-grains, or willow-leaves are quite clearly visible. M. Jnnasen was there- 
fore mistaken when he asserted that his photogmpha are the only o 
the first, which show tbe granulations on the sun's surface, though Dr. 
Rotherford admits freely the superiority of M. Janasen's recent t 
photc^Bpbs. 

O-rygen Liiiet in the Sun. — Mr. Christie bus made observatiuoa upon Ih« 
aclar spectrum near the G line, which appear to throw some degree a{ doubt 
on the supposed evidence for tbe existence of oxj^n in the sun obt^ned by 
Dr, H. Draper. When this regrion wns examined with high dis:persion tl» 
bright lines seemed much broader than the dark ones, and did not « 
softened otf either edge, a? might lie expected if Ihey really were bright 
lines, and not partii of the continuous spectrum cut out or left by dork line*. 
He also found certntn dark lines towards the middle of each of the br^t 
bands or spaces. This he con^ders renders the hypothesis that the bright 
bands are really bright lines still more difficult, "as oue would bsve t; 
assume that the oxygen lines were each double, and were only separated hy 
a very hne ehnrply defined interspace." The latter inference is not Ta[" 
bowerer, for there is no reason why dark absorption lines should not be « 
on the broad bands of the spectrum of oxvgen. We know even that di 
lines are usually seen on tbe bright bands of these elements, which incn 
the complexity of the spectrum by widening their lines. This is caused 
the absorption of the rarer and cooler vapour of tbe^ same elements, Xjvf 
outaide the inferior hotter vapour. This part of the evidence is in fWvoBTttf 
the existence of bright bauds, as distinguished from mere spaoea bet 
dark lines. Whether the other point may not be similarly explained,- 
is, the sharply defined edges of the broad bands accounted for by the Ktim 
of absorption vapours lying above the layers of oxygen giving the bt^U 
bands,— remains yet to be seen. Tbe idea advanced by Dr. SchiuUo- lh>t 
oxygen is not probably present in the sun in both the forms whose i^Mctn 
have been obtuned in terrestrial experiments, seems to have very Uttto in Iti 
bvouT. On the whole it does not yet appear that the very strong endmot 
advanced by Dr. Draper in favour of tbu existence of oxygen in th« sun hm 
■terially shaken. It would, however, be reab to apeak at all pcudtiTClr 
wni stage of the inquiry. 



Suppoied A'eui Spot an the Moon.^The " Cologne Gaietu * uliioiuic«« 
that Uerr Hetman J. Klein has diKovered a large lunar enter of racrat 
fomiatioo. It U situftl«d in the l&rge plain tjiDg- to Hit wret of Hjginua. 
It preaents at the time of the fiist quarter the appeenuic^ of a vast cavity 
tilled -with shadow, and having a diameter of about 4,-100 ;ard». The di»- 
COTery, or rather the existence of Una cavity, has be«n confirmed by Schmidt, 
of Athens, and others ; whether it really a a new formation remtins to be 
■een. Nothing is shown in this space in Mr. Modler's large map, but in 
Batherford's " Photographs of the Moon ~ at and near the time of the &nt 
qBMt«r, the pluo is by no meatis so level ai it might be Inferred to be &om 
M&dler's chart. 

PhotoifrajAi/ at the lea»t refrangible mil of lit S'4ar S,u«fru«i.— Captain 
Abney read a preliminary paper before the Afltronnmiml Society two yean 
igo, upon the poffiihility of photographing the red end of tli-^ spectrum. Ue 
ba« DOW made congidarable progras in hia researches, and has laid the re- 
sults before the Astronomical Society. The lirst photograph wa« one takuii 
through three prisms of dense flint glass, placed at the angle of minimnni 
deviation for B. The focal lengths of the collimotor and camera were 18 
inches and 2 feet respectiTely, and a condensing lens of 6 feet focu» wa» 
employed to collect the light, the middle of the calliniatiog lens alone being 
filled with wlar rays. In front of the «lit was placed a plate of orange 
glaas to cut off the suffused blue lays, which eipeiience bad showu to be 
inimical to the production of good nt:gatives, owing to the light di^per^d in 
the prisms themselves. The impressions of bands in the lUtrared arefound 
an enormous distauce below A. Roughly speaking, A corresponds to 
wftTe-leogths of 7,000 tenth-metres, and D 6,1(00 tenth-metres, while the 
photographs show bands as far below A as would correspond to wnve- 
lengths of 10,400 tenth-metres. But this negative, remarks Captain Abney, 
" haa no practical scientific value, as the altra red is so tremendously com- 
pressed that the absolute wnve-lengths could not be obtained from it.'' 
UatDg, however, a speculum-metalgrBting by Rutherford, hnvingabout 8,1100 
lines to the inch, Oaptatn Abuej was able to photograph the spectrimi of 
the aecond order. With a gratittg of about twice as many lines to the inch, 
another photograph was taken, of which the Astronomer Royal for Scotland 
remarks that, viewing them with high magnifying power in a compound 
microscope long since arranged for such things, the effect was astoundiiig. 
" I almost thought," he adds, " I was back again at Lisbon, viewing the euii's 
spectrum it»elf as I used to see it." This ackuowledgment of the value 
of the photograph was peculiarly gratijyiug as coming &am an astronomer 
who had paid special attention to this part of the spectrum. After describ- 
ing further operations, and the methods used, which belong rather tn 
physical than astronomical or optical matters, Captain Abney remarked in 
conclusion, that he hoped in a short time to reduce the expenses con- 
sideiably. 

Phenotnena fur the. Quarter. — On July 25, at 1> a.m., Jupiter will be in 
opposition to the sun. On July 20 there will be a total eclipse of the sun 
not visible at Greenwich. On August 12 the moon will be partially 
eclipsed. The following are the epochs of the principal phen 
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Fiwt contact with the penumlirH, Aug. 12 

„ „ „ eiiadow 
Middle of the eclipee . . . Au^, 13 
Lsat coDtact with the shadow 

„ „ „ peDumbrik .... 

Mitgiiitude of the eclipse (Moou'a diameter = 1) 



a 225 P.M- 
10 420 

8-2 X.X. 

1 33-8 

2 6S-9 



167° 



BOTANY. 

7^ OratMt of Mejicv.—ld. Eu^^ne Foiirnier has ijtudied the Meiieni 
grsesefl t« sudi good purpose that bti has raised tlie niuuber of specie* to "' 
wbiln in the " Flow JMexicana " of Kunth'a &jrtio/«i» only S8 gtuaee 
recorded. He finds that 16 species grow under very varied conditiona oflife, 
extending &om the littoral regions to Ilie elevated plateaux. He alao findf, 
as be hod previously done in regard to the ferns, tbat many speda groir 
on both slopes of the Andes. He gives the following table showing Uu 
number of species peculiar to Mexico and comoion to it and other regim 

376 
33 
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The peculiar spiMiiea aii^ yevy numerous and include nearly all the Mk 
Species of the genem Stipa, Aritlida, Meeldetibeeifia, PtrfiUma, Life 
Epictnnjies, Dej/etuna, Tnufum, ftiid Bromut, They are related generkall] 
to the species of the .^ndes of Soutli America. Fifteen genera, out of ITS 
belong exclusively to Mexico and eleven of tUe»e include only a a" 
species. 

Out cf 262 speciee common to Mexico and other regions only two grow ll 
Oalifomia. Ewit of the Rocky Mountains, Texas has 32 e[H!cies ; one gnt 
in the prairie region, and the other £0 t'nited-Siates spedes are almost Oi 
Hued to Florida, Geor^ and South Oarolina, scarcely any occurring ll 
Louinana, Mi^usmppi, or Alabama. The cause of this peculiar distritratia 

may be found in the direction of certain winds, eepedally tke « 

noticed by M. F, F. Ili^bert, which, descending upon the Gulf of Uene 
the Valley of the Rio dfl Nort«, strike the North of Florida and than ii 
northwards along tbe eastern slope of the Allegbanies. 

By their geographical distribution and botnuicol cbaracter^ tbe Mvs 
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re dinded Tcry dearly into two groups — tlioee which are peculiar 
into it and the Andean region, or U> more nortbem n- 
giona, are geoerallj diatiDgniahed hy the aleudemev and lif^htiiesa of iheir 
leBvee and pnnicleH; ihoso which spread into the tropical region, on the con- 
nary, are remarkable by their site and the amjilitiide of tb«r organs of vege- 
lation and of their infioreecence. The former geaemlly inhabit dry and 
jnoontainouu localities; the latter the banks of riveia, and moist pUcea. 
Some of them extend Iroin the I'nited States to the Argentine liepiibli^ 
through 70° of tatituda. — iCoinptarmdM, J nne \0,l67ii.) 

The lafiueiKe -J .Vfufuz-e on Vfgttation.^\n. Paul Sorauer has uiade 
Muie ezpenoieiita with sprinj^ barley which led to tbe following results : — 
In dry Mr branching wsa greater than in moist, the mean figures slauding at 
'l-'l and 2'37 respectively ; the length of Itnves wb£ greater in moiKt air in 
U>e ratio of 21-a7 to 21'07, but the breadth was lew (6-74 to 7-33). A 
maiat atmosphere b more favourable to length of teaf-aheatb in the pro- 
portion of 13'3(J t* 8'IS, to the growth of the principal stem aa 13'5 to ll'S, 
and to root-development as ^'8 to 23'i). The epidermal c<:Il: of the leave* 
were more numerous and broader, the cells between the Htomata shorter, and 
the stomata themeelveii shorter in dry air. Leaves developing in a mtHHt at- 
mosphere lia\e fewer stoma la per millimetre 'if length. — ijiu. Zcit. January, 
lii7B, and Joum. «/ Batons, March 1878.) 

The Fungi <■/ the riiw.— The study of the fungi infecting the vine !• 
one of couuderable interest, not only to the «cientitic botanist, but also ins 
high degree to all interested in the cultivation of the vine. Baion G, Felix 
v<iu Thumeu has published an elaborate nii^nograph upon these parasites, coii> 
taiuing an enumeration of no lesD thau 'Hi} species of fungi which occur upon 
Tines in voriona pai-ls of the vv.irld. The fungi are distributed as foUowi 
upon nine Bpedes of tlw genus Vitw.— V. i)inifera,lla., 150; V. Labnuca, 
Lin., 64 ; V. aetitiaiU, Mich., 13 ; V. mlpina, Lin., 7 ; V, riparia, Mich., 3 ; 
r. corrfi/W(o, Mich., 3 ; F. rv/unf/t/Wia, Mich., 3 ; T. coiwiitan*, Eugelm., 1; 
and y.»ylrettrii,Qtael.,2. The fuugiaffect the leaves, fruit, stems, branches, 
and roots of the planta. Nineteen fungi affect the grape itself, and iif theM 
Odlium Tut-lxri is the moat iuportant tram a» economical point of ^iew. 
Baron von Thdmen appears to follow Fueltel in rtgnrding it as the conidijil 
form of SpAtwofAtra C'ajrfiymi, L6v., and therefore distinct from the American 
ErytijAe nectator, Schw,, which apeciea does not seem to have been rectirded 
idncii Schweinjts's time ; while it ia classed by Dr. (>">lte, in " Thn fn/at/rW 
of the United States " among the " speciea dubiie." Baron von Thiiineu also 
onmdem it unconnected with a variety of UnciHula ipiralii,B. nudL'.,wlucll 
«)metinpea occurs upon the grape in the United States. 

Among the great number nf fungi infesting the lining and dead stems ani 
branches of the lines there are many uew species. Of the Ilymenomyi" 
cetous fungi, twenty-two species are mentioned, mostly occurring on 
dead stems ; these include a small agaric from the Cape of Good £ 
{Agaricue yroCeus, Kaldibr.) allied to A;/, vatiabilit, P. One of 
most interesting of the fungi ou liiiug vine-leaves ia a new apeciet 
Uredo (V. Ti'tu, Thiim.), which, like I'truiU'upora dla,ia of transatlantic - 

The dificrence between the American and European vine-flota 
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etriking, so maoj* fungi occurruig iu Ameii™ vrhicli iinve not been w 
in Europe, where ^-ine-Fultivatiol1 is such ui impartuit tndiunyi aad e 
lojrisU are so much more numeriinfl. Maoj of the old spectee of SchwwiaiH 
have uever been met with here. 

Qii(?tnno6oIiM Cetatii, t>e Baty, b a curious mould whlcUgrow^ [«riLnti' 
callf upon Otdium Tuckeri; it appears to he commou ou tbe Cuutiumit, ImI 
haa not yet been ohaen-ed in this country. — {Jaum. of Beltmi/, May 187S,) 

Thr CbniMcfibii of BaciUi with ^ileme Fever.— Dr. Cossen Ewnrt pnbliabd 
In the " Journal of Microscopical Science," an accoiiut of some in»estig»- 
ttoUB which he has made upon this fuhject, doubt having of late been thrown 
upon the supposed fact that splenic h\«T is caused by BaciBui n 
In tha spleen of a mouse which had just died of the disease after bnnf 
inocuJnted with tbe plaut, the Bacilli were found rud-shaped and motionlui. 
In a few hours, the temperature being Sff" 0. (=91'F.), manyof theae rods 
begao to move actively iu a wrigglinii: mannei', aod after continuing ii 
motile state for some time, they either suddenly or gradually settled down 
again ; and then lengthened out into spore-bearing filamenla, 
ociilnled with the spores thus obtaiued, died in 48 hours of aplBmc fever. 
Tbe sporea are formed in a rimilat manner to the Chlnmydospores ij' 
Jfucor. By Koch and some other observers these spores have been de 
Knifed tis germinating at once, and reproducing the rods, but Dr. Ewait 
found that tUi- process was often preceded by the division of the spore low 
four spuiTiles, nil of which closely adhere at first, but ulti»at«ly b 
&ee and settle down iu colonies. The sporules then germinate and piodum 
the tods. The moat importaut morpholo^col conclusion which Dr. Ewut 
draws from these and other olwer^'ations is that the Miero'iKcu*-, f 
and Sncilltu-tiinnB, and the spore-bearing byphie are phases of the Mma Ui>- 
history, nis experiments liave been coatirmed by other ofaeervi-rs. 
would be unwise to push the suggested aualogy betweeu SactUut and Mimr 
too for, since the true Mucor is a member of the most liighly orgatiised 
group of fungi and Bacilliu undoubtedly Iwlougfi to the lowest. — (AcatUmjf, 
June 2-J, 1»78.) 

Studin on the Afuant'naf. — M. \'iiu Tleghem's third memoir on tbtw 
plants ("A.nn. dee Sci. Nat. Dot,," eSr. vi- tome ir.) contains Talu*U» 
ubservationn on some poinU of interest in conuexion with tbe group. 
He linit deals with the mutilation and tragmentatioo of reproductive cell*. 
Zjgospored of f^iriKlinia ijrandi* and SpiiuUas ftuigfr were chorea (or M- 
periment on the cue luuid, uud asexual spores of PiltAolut (Ediput, /Hy- 
cumycet niteiu and Moiiiei'ella reticulata on the other. Il woe found U 
necessary condition that the body to bv mutSated should be proximatoly 
homogeneous ; so tliat in the cs.se of zygospores the esperiruentstion a 
occur either before perfect maturity, or after oommesci^nieDt of germinatiNt 
when the oil has disappeared. A second condition is that the fragmmit 
must not be too small. Tlie process adopted was as follows: — Budcf' 
&um a iygo^»re germinating in a humid atmosphere were cu' 
appeared ; after a time the contents of the Zygospore divided ii 
of spares, separated b; intentitial matter ; the same result was obi^iwd t] 
similar ti«atment of an asexual spore ; and if schisomycetous organisms wwi 
•"'"''"■'d into tlie culture-fluid, these eoduspores were prodnced without kO] 
'bnd<. 



it, Vftn Tieghem conridera the cause which bvoure the fonnation of 
sygoaporea to consist in the air btitig impoTerisbed nf oxygea. He describes 
the germioaltOD of Hporeea&d zygospores in different media, and the stracturo 
ud mode of dehiscence of the spomnisre in PiMxilut and Pilaira. 

In the ej'stemfttic portion of his raenmir he describes new species of Ptio- 
halti*, Rhitoput, Htiicottylum, TAaiimidiiaa, MortieriOa, and SynffpHalu, and 
characteriiea a new genus, Ah»ulia, with four speciee. This geuus may in 
aaid to huTe the asexual growth of Rhisopu*, and tlie »exu&l growth of Fky- 
f'lnifcet. From the former it diHeta chiefly ia having the sporangiferous 
GtoloD^ of Q parabolic form and cuticuhirized throughout, the sporaugia 
slteruate with the rootlets, the columella conical and slender, the membrane 
of the spores not cutlcularized nnd coloured, and the zygospores furnished 
with a iViyfouiycM-lihe investment. If a spore is kept in a uutritire medium 
it produces a myceiituu ; in a moist atmosphere, after hnnng attained a 
certuu size, it gives origin directly to a sporange without forming any 
mycelium. The zygospore behaves in a similar mnniier. Aseiual spore«, 
similar to the zygospores, are souietimes produced by a partheoogenetic pro- 
cess ; these are termed azi/gotporr*. 

The following is M. Van Tieghem's division of tile Mucorineie into 
tribes:— 

No stvlosoores A f Heterogeneous, i>., formed of aul 
columelk in the spo- ."PI*'' coticularized hood and a V Piiob-.U^. 

^ .1 „ I '^ < lower dimuent zone I 

rat i,"""'" Ho..g...o.., ,Uh„ .U .,.ti,..,| 
L pt-rsuteut, or ail diffluent ... J 

Stylospo res present f Spherical and isolated 

No coliuuetla in the ■! Oytindricol and grouped in capi-l a. i i- 
Bpomnge. which is .[ tula . . . .\ . . . /.j^""^"''' 
— (Jowrn. ;f Botany, May 1878.) 

Nbn-ie.i.-ual OutgroKth* on tht Ih-ot/iallt of Ferni. — The discovery of the 
non-sexual productioo of ferns from the prothnllus originally made by Dr. 
Farlow has been confirmed by observations made upon severnl species. At 
thp meeting of the Society of German Naturalists, held last year at Munich, 
Professor De Bory reported upon the subject as follows : — " Investigation 
has shown that some ferns, namely, Pterit cr^a, Atpidium fakatum, and 
Aipidiiitn Jili.r-n>ai, var. crittatum, form norFnal antheridln on the prothalli, 
hut generally no arcbegouia, or only imperfect ones which perish before the 
opening of the cnnal, and eihiKt, bstead of the typical formation of the 
embryo, the outgrowth described by Farlow. In those speraes which 
develope archegonia, no such outgrowth has been oliaen-ed. The morpho- 
logical pbeuomena presented by the shoot are alilce in the species named, 
even in the smallest particulars, In the prothallus, which grows directly 
out of the spore, the development which occurs in most cases, and may be 
called normal, is a« follows : — At the sinus, neorly at the spot where the 
first archegoniuin occun, there arises a protuberance which grows out 
directly into a leaf; at the base of this, clom by the insertion inti) the pr<>- 
thnll us, there is formed an aerial punetum ixgelationii, on which a second and 
the auccesure Inter leaves appear. At the base of the fin<t leaf there is 
formed, endogenoasly on the vascular bundle, the first root. As soon aa 
the second leaf appears the bud grows like an ordinary fern-shoot. Varin- 
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tioiiB from the normal mode of growth aro not uiicoamion. Frequently lie 
prnthslli form branches like themeelTea (seVfiiidMy pratballi) whitA can 
agnin produce leaves and shoots in a ^eat vnriety of forran. \ moment'a 
reflection shows tliat the three fenii in question bare ItMt the power of 
firming archegonift, and with it, iiexuiil rnproductian ; and a« tvimpeneBtiun 
for the loss of the ttezual formation nf the embryo, possess the power of 
forming the outgrowth described. This present) a iipecuvl case of 
guueml phenomenon which ie called ajHM/nnit/, total loas of reprodacdva 
priwer, and which consists in thx fact that a spei^ea loses «exua] r«produi>' 
tioD, and acquired in its place numerous uou'Sexiial modes of propitiation, 
such as brood-buds, uuclierH, &c. The nunieroua bulUetd nt the lii^tutf 
Phanerogams, species of Allium, Bmlwia, nud the like, are exninpli 
this, as well as of the succeiuive demees of difference in apogtuuy.'' — iSiO^ 
man'* Journal, May 1878.) 
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7W tUhtropie Modificatiaiu of Mmjnttte Oxidt nf Iran. — ^Vbeii iron ■«»- 
•quioside is healed for some hours to .150°— 440° C. in an atmosphere of hydn>. 
gun or carbonic oxide, it is converted into the nia^^etio oxide. This subntanc* 
ia identical in properties with the product obtained mther by caltnning tbe 
hydrate of the magnetic oxide at 300^ in a gas which ia without action upon 
it, or by the deiujui position of the carbonate of Iron, or by the i^itiwi of 
pyrophoric iron protoxide at a low red heat. It differs in a marked degree 
from that form of the m^netic oxide which we obtain on the eniploymeiit 
of higher temperatures, whether by the decomposition of water by red but 
iron, by burning iron in oxygen, oi by the splitting up of thu »esquioud« at 
ft bright red heat. Magnetic oxide of iron, Fe,0„ is black and is ttwni^J 
attracted by the magnet; that variety, however, wbicli is formed at low«r 
temperatures by the processes referred to has a specific gravity of 4'Ml,il 
acted upon by concentrated nitric acid, and can undergo furthi^r oxidatiaii, 
being changed by ru-sltng into festiuioxide. The magnetic oxide forme ~ 
the higher temperatures is not changed into sosquioxide when heated ii 
lur, is not attacked by strong nitric add, and boa a spetafic gravi^' of 51>— 
6'00. This is the vuriety which forms the little granule m ~ 
found in meteoric dust. Molssan, who baa made theee observatio: 
rend." 1878, Ixixvi. ftOU) determined some time unce the existence uf t< 
allotropic modifications of iron protoxide : a pyrophoric modificfttias 
obtained at temperatures between .150° and 4fi0°, and a second and nan-pyt^ 
phone variety produced, aa Debray boa sliown, at temperatuiee between 1 
and 1200°. The first variety when oiidiEed is converted into seaqnioxU*! 
the second forma magnetic oxide only, and of the Idnd which ia produced M 
high tempeiiituree. If pyrophoric iron pvotoxide, wliich would be cnnve 
into ausquioiide by exposure to the air, be boated to a low red heat il 
current of carbonic acid, it ia oxidixed to magnetic oxide, c-arbnnic Oii 
f formed ; tbe variety of the magnetic oxide obtained bf tbia o 

'J in character with that obtained at low tumpemlures. If mn^naA 
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osiile, prepared at 350°, be Talked to bright red heat iu a currunt of oitroKen 
it ehrioks togvthcr, iU specific trrarit; ie changed, it can do longer be cod- 
Tcrted into seequioxide ; in short it poseeeses &U the quiiUtit« of the niB^jr- 
neiic oxide produced at 1300°. The result ie Uie B&me when carboiuc Hciij 
tf employed in pkce of nitrogen, for the experiments of Gniner in 1872 
enablished the fnet that in a strongly heated atmosphere of corbome acid, 
magnetic oxide nlone is produced. 

Sttinim of the Atomic JTmi/kt /•/ Anlimonj/, — Prof. J. P. Cooke boa 
iletermined nnew the atomic wngbt of this inetaJ, and has devoted to tliat 
otgect much time and great care. He first foitnd the w^ht of antimony 
nlpbide, Sb.,S„ obtained from n known quantitv of antimony, taking the 
(bnnic weiglit of giilphur as 3a. The red variety was dried at 180° C, and 
the grey modification in most instances at HHf. A mean of thirteen expe- 
riments, where the aulpliidewns dried at 180°,fumiahed the number im'91)4, 
ind B mean of eleven others where the compound was heated to 210° gave 
120-395 as the number representing the atomic weight. In each case the 
■nthor convinced himself that no free sulphur was present, and he took pri'~ 
cautions to eliminate every possible source of error. In a tiecond series of no 
less than seventeen estimations, where antimony chloride was employed, the 
atomic weight of the metal was found to be 121-04, a number wiiicb cloeely 
eoireeponds with thnt obtained by Dumas and Dexter. In this case, it 
should be str.ted, the atomic w^ht of chlorine was taken as 3S'5, and that 
of silver to be 108. Aj each of the two series of experiments made by 
Cooke furnished Dumbeni which closely correspond in/er le, while the final 
results differ considerably, the author set himself to determine the atomic 
weight of sulphur. By reducing »lver sulphide at a low red beat with dry 
hydro^n be found sulphur U, be 3M58 if silver U 108, and 32'I37 if silver 
is ]07'[>3. In a fourth series of estimations Cooke detemuned the amount 
of bromine in antimony bromide, SbBr,, and arrived at the nnmber 130 a« a 
mean of fifteen analyses. Wben he employi'd antimony iodide be again 
obtained the number 120, if the atomic weight of iodine be taken to be equal 
to 127 and that of silver 108; or 119-1)6 wben the atomic weights of those 
elements an respectively held to be f20'8^ and I07'f)3. The correct number 
appears to be 130, and the disparily appears to have arisen from the fact that 
it is impossible to prepare antimony chloride absolutely free from oxychloride 
(" Amer. Joum. Sc." 1878, xi. 41.) 

A n«o Product ofthr O.dilation of Lead. — Red lead, as is well known, us 
prepared by heating litharge (lead oxide) in a fine state of division to 600^ 
in presence of air. The oxide slowly takes up 2-3 per cent, of its weight of 
oxygen, and is converted into an oxide represented by the formula Pb,0,. 
Dumas regarded this body as a compound of lead oxide and lead peroxide — 

3?bC + PbO,-I'bA. 
Berzeliu°, on the other hand, tielieved it to consist of lead oxide and lend 
eesquioxide, and to resemble magnetic oxide of iron (FejO,) in point of 
const itiitioD. Although he did not succeed in isolating the eesquioxide, it 
has now been shown by Debrey ("Compt. rend." 1878, Ixxxvi. 613) that 
such an oxide can under certiun circumstances be formed. When lead per- 
oxide is heated to 440° a brisk evolution of oxygen is obeerred to take place. 
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After the lapae of four or live ho«rs the flubetance « entirely converie 
red lead. If the lead peroxide be heBl«d to 3-50° gas is plentifiillT evolvad 
but tie action very aooii ceases, and a product is obtained Iwving eiiictlj 
the composition of leiid aesquioiide. It is u greeni^h-biown powder, wliic 
both in properties and in point of composition -ituids intermediate betwee 
red lend and lead peroxide. It can also be produced by heating lead oiid 
or, what is better, lead enrbonate to 350f in a current of air or oxygen. Th 
cause of the ftllure of the earlier cbenusU to isolate this oiid^ li clearl; tc 
be traced to thdr having employed too high temperature!^ 

Tht Jteetoration of Fatled Handtn-iling, — In a paper on wvernJ inUrestii^ 
points connected with cLemicnl technolcpy (" Joum. prakt. Chem.," 1879, 
XTii 83) von Bibra discusMS the best means of renderin(( le^Lle writu^ 
which in [process of time bas become obscure. He refers to the cust 
«mployi]ig ft'eshly prepared ammonium hydroEulphate, which, lie ^tac, ia to 
be applied with a brush, the exce?e to be removed with water and the paper 
or parcbment then quickly dried between folds of blotting-paper. In ilia 
cose where an important document is to be deciphered we cannot halp 
regarding thia as little else than beroic treatment, and prefer to pour tiw 
reagent in nwatch-glaes and to hold the maniiBcript over it, exposing it to tht 
fumes of the strong hydrr«iilphate just so long as is necessary to develop th» 
handviiting. At best the method is not a good one, because it convert 
iron of the ink into the metallic sulphide which rapidly undergoes oxidatioB; 
the writing in a very short time will fade away aa the sulphate is diffiuad 
through the motst paper, and the characters will appear blurred when any 
eubse<iueut attempt is made to revive them. Von Bibra has now fouwl in a 
moderately concentrated aqueous solution of tannin (gallotannic acid) ■ 
agent which produces tbe desired result, and at the same time poaeesM 
none of the disadvantages of the hydrosnlphate. He applies llie tamri 
solution with a brush, removes the excess by a current of water, and dfM 
the document at a temperature of 50° — 00° R. The writing developed in thia 
manner is clear and very black, remaining so after the lapse of sevenl 
months- These methods, it need hardly be stated, refer only to maDuscnpti 
where ordinary ink has been employed, and not to documents written 
Indian or carbon ink. 

Tht (Armical Action of (Ae Eteetric Daehnryt on Pn-tulphuric Arid,— 4a 
this odd can be formed by tbe action of oxygen on sulphurous acid (iM 
Pi^UoT Science Rtmew, April, 1878, 20") it occurred to Derthelot that M 
may also be prepared by the direct action of oxygen on sulphuric acU 
S,Oa + 0«S,0,. This fact he haa now esUblished ("Compt. rend." IBTS^ 
Iixxvi. 377). He subjected 277 nuUigranunes of sulphuric anhydride ii 
contectvrith 60 ccm, of d:y oxygen to the action of the electric discharge for 
tbe space of eight hours ; the tube containing these materials was then 
heated to remove a few little drops of unaltered anhydride, and he tbeo 
continued the transmission of tbe current for some houra. By tliis tim« the 
anhydride had completely disoppeored, and in the place of it them W( 
substance closely resembling persulphuric acid. Rather more thim 20 tt 
of the gai hod disappeared. Tbe new body possesied the compoataon of 
'iric flciil. It was found that the anhydride and oxygeo, whM 
ither, do not enter into combination unless the electric cumuli 
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r^ «mplojed. Persulpliuric acid prepxjed in tlui! mftnoer ia nml n pcrma- 
ixaily stable hoAj. The beautiful crTetalline needles begin to cnuuble 
T in a kv dnys, nnd are eoon conTerted into a mmw-lilce idiibf, whjcb 
tppeMB to be & compound of sulphuric acid and pereulphuric acid, The 
nme fiibBtaoce is formed when the di^^hnr^e U first transmitted, and appeora 
(OHsequentlj to be an iot^nnediate product, 

Fluermtlhfnt. — This is a new hydrocarbon obtained bj Fittig and Geb- 
hard from coal tar ("Ber. deutsch. ehem. Gesell. Berlin." i, S141). In pre- 
paring and puri^ng a large quantity of pyrene, a substance wa« discovered 
htving the formnln 0,jH,q, fusinp- at 100° and crj-stoUiiing in large lustrous 
pistes. This is the new body. When treated with the requisite reagents it 
yielded the picric acid compound C,jH|o + C„II,(NO,),0 and the trinitro- 
derirative CijH,(NOj)j. ^^^len oiidiied «ith chromic acid solution it, 
like pbenanthrene, et olves carbonic acid and is converted into a mixture of 
A chinone and an acid having the fonuula C,^H,0,i the barium salt of thit 
t ily crystallizes in little warQ' concretions and the calcium salt in small 
:<ien-yellow needles. It Is isomeric with oxyanthrachinone, but baa the 
i[ie empirical formula only as that body. It is undoubtedly an acid, 
iitMning beyond all question the group COOH. When distilled with 
finely divided itinc it yields nearly the theoretical amount of fluoretie, and 
when healed with lime splits up into carbonic acid and dipbenylenhelone, 
wiiieh has led the authora to give it the name of di phenyl enketon carbonie 
acid. Fitlig believes the idryl of Goldschmiedt to be identical with fluoran- 

The Renction of NUrogenand Wntrr. — Bertheiot, having had occasion tfl 
repeat the experiments on the formation of ammonium nitrite by means of 
the electric discharge, now finds that absolutely pure nitrogen when exposed 
in the concentric tubes, in contact with wat«r, to the discharge of a powerful 
Kuhmkorfl' apparatus for from eight to tea hours yields anunoniuiu nitrita 
iMVond all question. The salt does not appear to be formed unless the dio- 
'ge is a powerful one. With currenle of low tension nitric acid is not 
formed in moL^t air. The formation of nitrated and nitrites in atmospheric 
is assumed therefore to be due to the action of lightning ("Ann.Ohem, 
Fhys.** [5], lii. 445). It must not, however, be forgotten that Ziiller and 
Qiete have reopened the inquiry whether anunomum mtrite is a product of 
the combustion of hydrogen in air, and the result of the experiments, con- 
docted under moat rigorous conditions, goes to show that during the com- 
])u«tion of absolutely pure hydrogen in perfectiy pure ur, small but distinct 
quantities of the nitrite are formed, (" Ber. deut. chem, Oosell. Berlin." x. 
Sl«.) 



: 



' GEOLOGY AND PALAEONTOLOGY. 

The Date of tht Lad Glaeutl Epavk—yii. N. H, 'Wiuchel] has ci 
aited ft paper to the Geological Society in which he endeavours to determine 
the date of the final cessation of glacial conditions in North America bj 
detennining the ral« of recession of the Falls of St. Anthony, which are 
dtuated near the junction of the Minnesota and the MiMissipp. These 
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fftlL have l««u kuown to Eutopenns nbout 200 yeAn. The coimlr^ ii 
COTBtud with deports of gkclnl ongia. Rod between Fort SoeUiiiB i 
tho present FpJIh, n dLitnnce of eight miles, tbe exLtlin^ rirerifOTge Iu< 
beuu formed ^ce thi: deponiticin of the oewet Botddr.r^ay. The old 
river-vnUej b filled up with [flaciKl deponte. The fntpi La nf v^rj a 
chaiiicter, being cut through hnrd limestones resting oa nod »nnd rock, both 
lying quit« faoriiontallf. The country was settled in 1866. mid the r 
of the falls has ance been very rapid, its rote having been nn^elenited bjr 
the t-rMtinn of sBw-mill!i, dnm«, &c. From the nccnunts nf vfirioiis trarellers 
who hsTe vint«d the fdlls in the Inat 300 yean, Mr. >\1(ich«?lt endfavtiurs 
to obtiun an estimate of the true rote of recflswon. Belwt^n the tJ 
Father Hennepin in 1688 and that of Carver in ITSO he finds a n««Hnini 
at the rate of 3'4R feet annually ; between Oarrer's vi^t and lHfi6, i 
annual recesNon of 6'73 feet; nnd between Hennepin and 1850, one nf 6-15 
fr<e(. The tdme-eetimates for the cuttinji of the gnrjre would bo, niMN>rdinii 
to the above meona, 13, 103, 6, 276 aud K, 303 yent». Mr, Wncbell con< 
siders the data upon which the racond of them niimberB is fnunded tbe mn* 
reliable. Sir Charles Lyell'e estjinate of thn reces^on of the FalU t 
Hiagarn from the escarpment at Queenatown tn their present sitfl b SS.ODC 

The Moaattmn. — Professor O. 0. Marsh ba« obtunnd tbe materials tot ■ 
complete recnustruction of the fore-Umb of Lettoaaiti-uM, an A.merican typ« ol 
MuMisaurs. Professor Owen bos inHtitutod a ci>raparison of the chiuactan 
of this limb, as shown in Profe.33or Marsh's figure, with the bone 
part^ in cetaceans, pleuosaura, and liiards. He Sndd the chnrnct^rs pnr 
Bented to approach most closely to those of tbp last-named order of Reptile^ 
of which Maialar nUotiau was taken for comparison. Hence bo nqnink^ 
his view, originally stated in 1851, that the MnsaMuni (orm n tribe, Kalantia 
in the Reptilian order IiOCertilJH, as confirmml; and he compared the n 
of these reptiles to the other Itzarda with those of the wals I'l the urdioarj 
oarnivntoUB mammals. — (^Pnic. Oenl. Sof., 6 June 1878). 

Falirotiiic Rock* under London. — Professor Prestwich bns giren b 
intereeting account of the results of tbe deop well-borinc reoently nutd* at 
MfKMiH Hhux's brewery, at the south end of Tottenham Court Koad. F 
tanarlts that the well-known boriiiff at Eenlish Town, in 186C, sboiwed tl 
lAtmoe at that point nf Tiower Qieensand, the Oault being i] 
mcoHded by hard red and i ariegated ^ad^toDes and clays, Lhu B|.t> of w 
WHB at first doubtful, but which wtre finally conudered to approach n 
nearly to the Old RM Bandslone near Prome, and to the Devonian M 
?|i.iue« And marls near Mons, in Belgium, The exintenoe of aiime doubt U In 
Jiis identification rendered the boring lately made at MesBTK. Meux'K tvem 
varticularly interesting, and the method of working adopted by the IXomoa 
wiring Company, by bringing up sharply cut coivn from known deptlu^ (A 
apetial certdntj to the results obtained. The boring passed thn>u;r|^ 01 
feet of Ohalk, 28 feet of Upper Oreensand, aud 100 feet of fUalt, at t 
bOM of which was a seam, three or four feet thick, of pbonipbatlc n< 
txA qtutrbnte pehUes. Reneath this was a sandy calcareous etratuDi of a 
ligV '■"— 'onr.poininginto a pale or white lime^Mne.and thisintoo 
of '.1. Coma and impresuons of shells found Id this bed «1 
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it to be Ibe Lower Oreensand, whose place it occuped. Tbe hoiing wm 
curiixi further in the hope of reaching the loose wntei^beariiig wnde of this 
CbmiAtioD, but the rock became very si^illaceou?, and, when 62 fe«t of it 
bad been paased through, the boriug entered into mottled red, purple, aud 
greenish shalts, cUppioif at 35° in an unaBceTtained direction. These beds 
continued throujih a depth of 80 feet, when, their nature being clearly ascer- 
tained, the Ixiring was etupped. The fossils of the% coloured beds, which 
included Spiri/era di^uiKta, RAynehonella cubmda, and spedes of Edmondia. 
Oitme/fg, and Orthis, show them to be of Devonian age. Thus, the existence 
of Pblffiozoic rocks at an aocewible depth under London, and the at)«ence of 
the Jurasric series, as muntoined ton^ since by Mr. Godwin-Austen, is ex- 
perimentally demoiutrated. 

These facta are of interest in coonectifia with the question of the poesibte 
exteuNon of the Ooal-measurea under the Cretaceous and Tertiary strata of 
the Miuth-enet of Eufrland. The beds found al the bottom of Messrs. Meux'a 
borinjf are of tbe same chnraclcr as the Devonian strata which everywhere 
ii«eorapany tbe Cnal-meajittfeH iu Belgium and the north of France, bein); 
brought inti!) juxta-positian with them by great faulta and flexures. A re~ 
mockslile section at Aucby-au-Bois, in the western extremity of the Valeu' 
ciennes coal-field, is particularly interesting from its furnishing evidence that 
the Uardinirhen coal-field, between CaliUB and Boulogne, is a prolongation 
of that of Vnlencieune^, and because the same strike and n prolongation of 
the Mtme great fault oteerved at Aochy-au-Bcas through Hardingben would 
carry the southern boundary of any coal-flekl in the iwutb-east of England 
juet eoulh oi Maidfiloue, thence passing a little north of London. Itence it 
is in the dirtrict north of London that there b most probnlnlity of the dis- 
covery of the Carboniferous strota. The extent of country in which nhnfU 
could l)e sunk to the Palteozrac strnta will, however, be limited by the 
presence of the wnter-beiiring Lower Greensand, which probably reaches 
close to LonduD in the south, reappears in Buckinghamshire and Bedford- 
shire, 30 or 40 miles north of London, and probably extendi some distance 
towards the city under the Chalk hills of those counties and Hertfordtihtre. 

The nature of the representative of the Lower Greensand in the borinfT. 
and the characters of the fnsdls contained in it, lead to the concliuuon that 
in it we have a deposit produced near tbe shore of the Neocomian sea, here 
probably coueialiug of ciiffs of Devonian (or Carboniferous) rock. From 
these cliBs the calcareous msterial which here replaces the usual loose sands 
of the Lower Greensand was perhaps derived by the agency of springs ; and 
the shore-line itself must be situated between the south end of Totlenham 
Court Itoad and the Kentish Town boring. The sandy beds of the Lower 
Greensand will probably be found t» set in at no great distance to the south- 
ward, presenting the conditions necessary for storing and tranamittijig iinder- 
jrround waters, A test boring made by Mr, IL ffinghnm Mildmay at 
Shoreham Place, about live miles from Sevenuaks, and in which the Lower 
Greensand was met with at about the estimated depth (450 feet) and 
furnished a supply of water, seema to confirm these views. 

A Foiml Fainmne Bird from Colorado.— The wonderful inscct-benring 
deposits of Florisaiut, Colorado, have fiimished the reroaioB of a PdHseriiie 
Urd, the first of its type that has yet occurred on the American continent. 
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These rpmniQS conri^t of the gtvMer port of the skeleton, bat the LUiffhboDf 
the beftk, and the naterior pun of the hend itre wanting. The slab contjui 
injr the specimen also shows remarkably di^inct impresgions of the foathen 
of the winjrs and tail. In ma and (tpnera! proportions the bird rie» 
the Scarlet Tanager (Pyranga rubra), and the Cedar Bird {Ampeiii crthv 
ram) : in the development of the win^ it also agrees with thoae Urda- but 
the legs and feet are smaller and weaker. The total length of the bird w 
ab)Ut seven inches. Dr. Allen regards iti; organiuttion as indicating arborsal 
haUla and conadernblu power of flight. The absence of the Mil renden it 
impiHMible to decide a» to the particular family t^ which thi^ tard shodld be 
allied, but the balance of the evidence from these remains is in faronr of ib 
being a fincL I)r. Allen proposes to found a new genua for the Krd, which 
he names Palaoipka hdla. Other remains of Urds have b^n fonnd it 
Florissant beds.— (Wffi>non'» Journ^, May lfi78.) 

A'ncricav Penman Sepliltt, — Professor Marsh notices some reptilee 6on 
B peculiar lacustrine formation in the Western Territories, but vspedalW from 
New Mexico, the geological position of which appears to him the upper part 
of tlia Permian. Among them are sevenil genara showing the more important 
chftracters of the Rhynchocephala, of which the New Zealand Hatteria i» 
the sole living type. One remarkable characteristic of all the reptilM Im» 
noticed i« the presence uf intercentral oBsificationa below the Uconeif* 
bodies of the vertebne ; and another the existence of three &oet8 for tb* 
articulation of the rilis in the anterior rib-bearing vertebr». In tb» 
implantation of the t«eth and their raccesHonal development, these reptlln 
resembled the Mossmurs. They represent two families, which ProfesKir 
Marsh calls Nothodontida! and Sphenncodonlidte. The former incliidM * 
nngle species, Nolhodon Utiliu, which was probably five or six fset long, slow 
in its movements, partially aquatic and herbivorous. Three specie* of Um 
second family are described, namely: — A/jjSnwnw/oji ftror, a camiTaioc 
reptile about A\ feet long, with the postenor teeth compressed, with wi 
sharp smooth edges ; Ophiarodon mirui, also a carnivorous form, about tli 
some nie as the preceding, with conical teeth, of which the anterior M 
recurved aa in serpents ; and O. grandia, a larger spedes, atioal ten fwt ia 
length.— (SWiJHOJii Jonrtial, May 1B78.) 

The Firit Amrriran Jxtrattk MaminaL—Ptofeuat Marah says, "On* o( 
the most interesting discoveries made in tbe Rocky Mountain region ii tha 
right lower jaw of a small mammal recently received at the Yale Colh^ 
Museum. The spedmen was found in the Attantosovmi-hvdi of tb« CTppu 
Jurassic, and the associated fossils are munly Dinosaurs. 

Dryoleita pructu, gen. et sp. nov. 

" This spectmsn i.>< in fair preservation, although most of the t««lh ban 
been broken off in removing it from the mck. The penultimate molar, faoiK 
ever, remains. The shape of the jaw, and the position and character of tl 
teeth, show that the animal was a small marsupial, allied to the fiiMii^ 
{)poe«umH (Didfiphida). The tooth preserved has the «ame geoeral form M 
the corrwponding molar of Giirontetet varitgatiu Illiger. The angle of tl 
jaw ii> imperfect, but there are indications that it was inflected. 

" The principal dimensions of this specimen are as follow* t — 
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Space oeciipiod by eeven posterior leeth 
Depth of jaw below lA«t molar . 

TrnnBveise di&meter 

Heifiht of crnnn of penultimate molar 
Trtwisverse diameter ... 



323 






I" The present apecimen indicates an anioia! about iis Inrge as a wea:^. It 
of spetinl interest, as hitherto no Ju.ro«aic mftDimals bnve been found in 
thu eoataiy"—l,Siffinuin't Joumiii, June 187i^.) 

Arctic Otohgif. — The lost Briti^ Polar ExpediUon under Sir Qeorge 
Kares hardly sadsfied the expectations of the public, but we are graduoUj 
■Jearning that ito HcientiQc results are b; no menua to be deapised. Cspttun 
~ Iden, the natiiraliat to the eipedition, devoted a good deal of hie atlen- 
o the geology of the region explored, and the fruits of his reaeatches 
1 conaderablj It our knowledge of Arctic Geology. A long paper on 
is subject was read before the Geological Sodety on April 17, by Oaptain 
lalden and Mr. De Ranee, in which they described the Laurentiiui gueiss 
it occupies so lai^ a tract in Canada as extending iuto the Polar artia, 
d alike underlying the older Palieoz^nc rocks of the Parry Archipelago, 
9 Cretaceous and Tertiary plont'bearing beds of Dis&> Island, and the 
B and lias of East OreeDlaod and Spitsbergen. Newer than the 
lAurentian, but older than the fossilifurous rocks of Upper Silurian age, are 
the Oape~RawBon beds, fin-ming the coast line between Scoresby Bay and 
Cape Cresswell, in lat. 82° 40*; these alrnta are iinfossiliferous stalM and 
pitB dripping at very high angles. 

From the fact that Sir John Richardson found tbeae anaent nicks in the 
Hudson's Bay territory to be directly overlain by limestones containing 
corals of the Upper Silurian Niagara tind Onondaga groups, Sir Roderick 
Uurchison inferred that the Polar area was dry land during the whole of 
tlte interval of time occupied by the deposition of strata elsewhere between 
the Laurentian and the Upper Silurian ; and the examination by Mr. Salter, 
Dr. Haughton, and others of the specimens brought from the Parry Islands 
have lutherto been considered to support this view. The apedmens of rocks 

K fossils, more than 3,000 in number, brought \ij the late expedition from 
nell and Hall Lands have mode known I« us, with absolute certtunty, 
occurrence of Lower Silurian spedes iu rocks underlying the Upper 
ion ; and as several of these Lower Silurian forms have boen noted 
from the Arctic Archipel^o, there can be little doubt that the Lower 
i^urians are there present also. The exten^ve areas of dolomite of a 
creamy colour abounding in fossils discovered by M'Olintock around the 
magnetic pole, on the western ^de of Boothia, in King William's Island, 
and in Prince of Wales Land, described by Dr. Hnugbton, prob&bly 
represent the whole of the Silurian era and possibly a portion of the 
^Devonian. 

i bases of the Silurians are seen in North Somerset, and consist of 

lely stratified red sandstone and slate, resting directly on tbe Laurentian 

resembling that found at Oape Bunny and iu the cli£s between 

rhale and WolstenhoUne Soimda. Above these sandstones occur ferru- 

9 limestones, with quaiti gr^ns, and still higher in the series tbd 
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crMm -coloured ilnu^ston^B come Id. The SilurirLne occupy Prince i 
lAnd, the ceutml nnd western portion nf Ntirth DeTcm, (uid the whnla >>{! 
OorowftlliB Isliind, The Carboniferous limestone was diicorered, rvaofi to 
a height nf 3,000 feet, on the extreme north coast of Orinnell I^iid. in 
Feilden and Parry Peninsiilap, and contajoe many fpecies of fossils in eom- 
mon with tliB rocks> of the same b^ in SpitEbergeo and the P»rry Archi- 
pelago, bein(? probably continuously connected with the limestone of lint 
area, hy way of the United States ninpre of mountains. The coaJ-bearinir 
beds that underlie the Carboniferoua Limestones of Melville Inland are- 
alMont in Grinnell Land, hut they are represented by tme mnrine DeroniaDs^ 
established in the Polar area for the first time, through the determiuatiiin 
of the foeuls, hy Mr. Etheridge. In America a vast area is cm-ered by 
Cretaceous rooks. The lowest division, the Dakota group, contains ligiul*' 
seams and numerous plant-remains indicating a temperate flora ; orerlying' 
the Orvtaceoiu series are various Tertiary bade, each characterized by » 
special flora, the oldest containing subtropical nnd tropical fi:>nns, such m 
YBTiouB palms of Eocene type. lu the orerlyiog Miixene beds the cluu«cter 
of the plants indicates a more temperate climate, nod toEiny of the specu* 
occur in the Miocene beds of Disco Island, in We«t Greenland, and a fmr 
of them in beds associated with the SO-feet coal-seam discovered at lAdf 
Franklin Sound by the late expedition. The warmer Eocene flora is entirely 
aheent in the Arctic area, but the Dakota beds are represented hy tlw 
' Atane strata ' of West Greenland, in which the leaves of dicotyledonous 
plants first appear. Beneath it, in Greenland, is an older series uf Creta- 
ceous plant-bearing bed», indicating a sumewhat warmer climate, T«<sembting 
that experienced in Egypt nnd the Canary Islands at the present b' 
the later Miocene beds of Greenland, Spitzbeigeo, and the newly-discorered 
beds of Lady Franklin Sound, the plants belong to climatal conditions 90° 
warmer than at present, the most northern localities marking the coldiwt 
conditions. The common fir (Pittva ahiri) was discovered in the Griomlt 
Land Miocene, as well as the Urch, poplar, nnd other trees, which doubtl«» 
extended across the Polar area to Spitsbergen, where they also occur. 

At the present time the coasts of Grinnell Land nnd On^oland I 
steadily rising from the sea, beds of glacio-marine origin, with shells of I 
same spwies as are now living in Kennedy Channel, extending op ihe hill- 
sides and rnlley slopes to a height of 1,000 feet, and reacliing a thicknew oi 
from 200 to 300 feet. These depoMte, which have much in cunimoti with 
tbe'bDuider-cIayH'of English geolopsts, are formed by the deporitioi 
mud and sand carried down by summer torrents and discharged into Sort* 
and arms of the pea. covered with stone- and graiel-iaden floes, whidi, 
melted by the heated and turUd wBters, predpitale thdr freight on tbe mod 
below. As the land steadily rises these mud-beds are elevated above tint 
w«. The coast is fringed with tbe ice-foot, forming a fiat terrace 60 to 100 
yaiils in breadth, stretching from the base of the cliils U\ the sni-m 
This wall of ice is not made up of frozen sea-wnter, but of Ihi- acctinuilalMl 
autumn snowfall, which, drifUog to the bench, is converted into ic« wlu 
it meets the sea-water which splashes cwt it. As a supplement ta lL_ 
niinioir a lery nleusive nnd important paper on the fwrils brati|[bt b* 
t' l«j, was rend by Mr, Etheridge, in which he temnrktd « 
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« presencti <ii imduubted Silurian aod CarbouifLTouii I'dmiIs at ihe 
higbest latitude jret reached, oamel; ^2° 45' curtb. 

Strotnatirporn and LoftuMa. — Principal Dawson has contribulod a state- 
meot of his viewa as ta tbe natiue of tbtue problematical foeeilB from the 
Palsoxoic rocks which are commonlj known aa Stromatojiora, Tbej are 
DiBseive fomils, often showin;; concentric structures when weathered, and 
have been referred bj different writera to the SpoOfres, to the Corals, t« the 
lljdroida as allied to Hydractiiua, and to the Foraminifera. Principal 
DawBOQ ea;s that .Stroiiuitopora is " a calcareous, Don-spicular body, com- 
posed of continuous concentric por'^as laminn, thickened with supplemental 
deposit, and connected by vertical pillars, most of which are solid ; * and he 
lunintains his old opinion that Stroiiuilopora is a Faraminifeml or^^anism and 
the Palteozoic rupreeentative of the Lsurentian Jiozmin. 

Dr. 0. M. Dawson hus tnade the interesting discovery of ri tipeciee of 
Lufiiuia in a Limestone, probably of Oarboniferotia age, which occurs in 
British Columbia in the banks of Marble Canon, Frazer River. He oamee 
tbia species Loftuaa columbiatui. As the ^nus Lofiiuia wna established for 
the recuptiou of a tertiary Persian fossil Foraminifer, this discover; is of 
)rreat interest provided the reference of the North American form to this 
fienue be confirmed. Luflunia putumbimia ia much smaller than L. periica 
(0'3 inch long) ; it occurs here and there in patches in the limestone, but the 
number of specimens when it does appear ia very great. — (iVor. Geol. Soi:., 
rjBne 6, 1878.) 

MICROSCOPY. 

TV JVmo Oil-ininiemoH Otgect-gliut. — The Hev. W. II. Dnllinger writoa to 
"' Nature " : — " As a piece of workmanship this lens is extremely fine ; and 
it can be used with quite aa much earie ns an ordinoty immersion quarter- 
inch objective. It works admirably with Powell and Leolond's ordinary 
sub-stage condenser, with Wenham's reflex illuminator, and with the small 
plano-conves lens which the maker sends with it to be fastened to the under 
surface of the slide with the oil of cedar wood. But I have ako secured 
admirable results with the iUiuninating lens of Powell and Lealand's sup- 
plementary stage, which gives enljre command o?er the angle of the illumi- 
catiiig ray. 

" The spherical aberration is beaud^Uy corrected, the field being per- 
fectly flat. The colour corrections are, so far the lens goes, equally perfect ; 
buL are somewhat conditiontd by the dispersive power of the oil, which coo 
be modified readily. The sharpness uud brilliance of the definition which 
ibie lens yields are absolutely imsurposaed, in my cxpeiieiice ; and it has a 
very great power of penetration. 

" I tested it with a series of tests with which I have proved and com- 
paied the glasses of various makers in England, the Continent, and America, 
for some years. Up to the time of receiving this lens, the |-inch that had 
done the roost in my hands was one of the ' new formula ' lenses of Powell 
and Lealand. It is but justice to say that all my most crucial t«sts were 
equally mastered by the lens of Zeiss. I have not been able to do mare 
with it than wilii the English glase, hut the tame retulU can be a 
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plished much'more readily. The correction lias to be brought into operation^ 
and careful adjustment made, to get the finest result with the English 
lens ; but the German glass has simply to be brought into focus, and the- 
best result is before the obserrer, provided that the light has been adjusted 
in the most efficient manner. It is true that for sharp and perfect definition 
we must be careful to adjust the length of the draw-tube ; in working thU 
lens there is much need of attention to this matter ; and speaking firom a 
practical point of view, it takes the place, in securing crisp definition^ of the 
screw-collar adjustment, although, of course, much easier of application. 
But it is so easy to work the lens with fine results on the more delicate 
tests, that I think that those who make the resolution of these their primary 
object in the possession of a microscope, can scarcely fail in securing their 
utmost desire. It is a glass pre-eminently suited for the resolution of difficult 
lined or beaded objects. 

'' AmphipUura pellucida is easily resolved into delicate beads when the 
frustules are moderately coarse ; and almost any that can be met with are 
resolvable into lines ; and thb, when these diatoms are mounted in balsam. 
The highest eye-pieces made may be used without any practical detriment 
to the image, although, of course, with a reduced sharpness of definition. 

** On the whole, I think it in many cases the finest lens, of its power, that 
I have ever seen ; and in every sense it is an admirable acquisition." 

There is one drawback, viz., that the oil is a solv3nt of most varnishes and 
gums used in mounting and finishing slides (which may be remedied by 
coating the edge of the cover with sheUac varnish) ; and also the nece:»- 
sity for the objects, such as frustules of diatoms, to be '' burnt '* on to 
the cover or mounted in balsam or other fluid with an equal refractive 
index. 



MINERALOGY. 

New Minerals from Laanghan, — A number of new and interesting 
mineral species from this locality have been described by A. E. Nordenskjold 
{Jahrbuch fur Mineralogie, 1878, 206.) Atopite is the name given to a 
yellowish-brown or resin-brown, semi-transluoent mineral which possesses the 
foUomng composition : 

Antimonic add 72*61 

Lime . 17*86 

Iron protoxide 2*70 

Manganese protoxide 1*53 

Potash 0-86 

Soda 4*40 

100-04 

The antimony appears to be present in the form of the higher oxide of that 
metal ; and the analytical numbers correspond with the formula 2RO,Sb20,. 
Mbnimolite and romeite are the minerals most closely allied to the new 
i; it differs from the former in containing no lead oxide and a larger 
^Qrtfon of antimonic add, and from the latter in the ratio of base to acid 
'^ that aU the antimony is present in the form of antimonic- 
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Atopiteis found at l>iuLij;(bau diEsemiaateil through hedyphiuu) wbick 
in Soe veioa and layers in thodonlle. It cryitsllix«« in re^kr 
octniiedra, and haa a hardnasa of 5-5-60, and the specific gravity of 5'03, — 
Ekdeniite is a coarsely cryBtalline mineral of a bright yellow colour with a 
faint greenifh tioge ; in thin plates it m traualuceut and a uxiiaxial aud 
exhibits a diftinct basal cleavage. The hardne^ is '2'H~3-0 aud the specific 
g»inty = 7'14. The solution of thb mioeral in acid reduces poiassiuio per- 
mau^nate. A pure specimen of ekdemite was found to podsess the follow- 
ing compoutioJi : 

Lead oxide 6S-35 

Lead 33-39 

Chlorine 8-00 

Araenioua acid 10'60 

10024 
These numbers indicate the formula GPbU.A^P, + 2PbOI, aa tUal of 
tbe new spuciee. The mineral occurs, imperfectly foliated, in manganocalcile 
and as greenisU yellow deposits incrustiug it. Tbe Dutboi also found at 
Laaogbaa small lemon-jellow granules enclosed in the calcite which fill« the 
cavities of a re^n-brown coloured garnet; these granules contain arsenic, lead, 
and chlorine, but n satisfactory analyria of them could ool be performed 
from want of material. Ha states that they ci^stallize in tbe rhombic 
sj-etem, and regoi'ding tliem as ekdemite, be believes the new mineral to be 
dimorphous. —Hydrocerussite is a white mineral enclosing native lead ; it 
appears to be it hydrated lead carbonate having the composition represented 
by the formula 2PbO,COj + HjO. Hyalotekita is a white or pearl-giey, 
semi-translucent mineral, posseswng a coarsely crystatline structure, and 
cleaving in two directions lying 90° or nearly 00^ apart. It is easily fusible 
and is insoluble in hydrochloric add and sulphuric acid. An imperfect 
analy^ showed It lo contain tbe following ingredientii : 
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Silicic acid 3i)'62 pet cent 

Lead oxide 2630 

Baryta 20-66 

Lime 7-00 

Loss on ignition 062 „ 

Alumina, potash, &c not determined. 



In appearance it ^-ety closely resembles a greyish-white felspar, and it 
occurs in aesodation with hedyphane and whetFerite. — Oanomaliie is the 
name which was given by the author in 1676 to a lead silicate occurring at 
Loangbau. As it has recently transpired that certain specimens which were 
believed to be ganomalite contain no lead whatever, and are in reality 
tephroite (manganese silicate), Nordenakjdld has published fuller details and 
an aoatysis of the uuneral. Ganomalite occurs mai^sive, associated with 
tephroite, which it so closely resembles thai any specimen under examination 
abould be tested with the blowpipe. It is white or greyish- white, possesses 
marked doubly refractive power, bos a hardness of 4-0, and the specific 
gravity of 4-08. When heated with soda in the reducing flame, the yellow 
crust on the charcoal and the reduced metal indicate the presence of lead. 
I The composition of a specimen of this mineral n-os found to be ; — 



POrrLAR SCIESCB REVIEW. 

^cicacid 34'S6 

Lead oxide 34-^ 

Manganese protoxide 2<Hil 

Ume 4S» 



In one specimen, wliicb ftppe&ied to be ganomaJite in the crjctalliMd 
condition, tlie ang-Ie between two planes of cleavage was found to be I(M° 33*. 
The .last of the mineralB mentioned in this intarestintf paper ha« been trained 
jiicobeil«. It hae atrongly developed inagTietic characters, and cootauw, in 
Hddition to Bome constituentB which are apparently McidentaUj present, tlM 
following oxides ; 

Iron oiide 68'89 per cent. 

Manganeee oxide 6'06 „ 

Man^neM protoxide 2043 „ 

Magnesia 1U8 „ 

The formula of jacobsite appeorB therefore to be MnO(Fe,0,, Mn,0,). 

Ailrrnute.—Tiaa mineral, i lim nrsenate, hitherto met with at ChanandUo, 

Chili, and tiie Mne dd la Garonne, has been found by Lnspejre 

calamine deposits of LAurium. It forms nmall crystale of a greeniah hue, and 

occurs in the cavities of the rose-red or reddish massive ore of the Owtk 

les, a?s.icisti"d with dTseniosiderite, crvBtalli^ed smiihsonite, and a 

ea with mimeteaite. Its crystallographic chnracters were found not t» 
differ materialtj from those of the specimens of adamite from ChanuoUo. 

lun draws attention (Jahrbuch fiir Minrraloffie, 187S, 188) ti 
resting group of minerals, more than twenty in numbt'r, occurring in tba 
Laurium beds, and points out the advantnges which would accrue to *■ 
if they c)uld bo examined in $itH by a ^^od mineralogist. The ore which 'u 
n.iw being raised is calcinud before it is shipped and the minemls a 
with the calamine are conBeijuently destroyed. 

The Separation of Mitteralt uf Differmt Specific GrarilirM. — Uhurch bi 
recently called attention to tlie applicability of Sonstodt's ^lulion to ll 
separatjon of minerots of ditferent specific gravity. The liquid consists of I 
solution of mercury iodide in potBsedum iodide, a:td is prepared by addinj 
them altenuitely to the solution until no more of either is dimolved. A Utt' 
frue iodine occasionally colours the liquid, but this can be removed by d 
addition of »ome sodium hyposulphite. The light straw coloured liqmd thi 
obtained may possess a specific gravity of 3'01 and can be employed fat tl 
separation of the mechanically loosened ingredients of any rocli whicb it ii 
derared to examine. Hardmsn describes the succesaful isolation by thismet 
of H mineral occurring in a bagalt of the North of Ireland. He used 
Milution having a specific gravity of 2*40, and was enabled to isolate ^ 
^ammes of a mineral having a specific gmvity of 1-7U. This quantity tbi 
author questions his ability to have extracted after months of labour by W 
oilier method. He pcante out that it will now be poaaible to cumplettl) 
MjiaiiLle the three constituent minerals of granite — mica, felspar, and qiuK)^ 
bem and to determine almost absolutely thdr percentage, i 
*ich baa as vet onlv been solved br mAtbematirftl cnlculUkR 
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__jd "D RMumptimiB whicb Can at best be merely approximately C< 
( ra™i«<rf JVow, 1878, jHTii. 108.) 

In the durent nmuber of the Mmrraloffical Magatine, Prof. Beddle, of 
St, Andrews, dmws' attention to two properties of Sonatadt'a "aolulioD" 
wbicb cannot too »oon be impresBed upon those who purpose to use it ; it b 
a rapid and powerful vesicant, iLnd it is exceedingly pusonous. It happened 
that some drops fell upon one of his bands, which was simii found to be in a 
state of violent in&ammation. He does not regard the liquid aa a " solution" 
in the strictest sense, but believes that a new salt is formed, which crystal- 
tiiee in long needles apparently belonging to the oblique prismatic system ; 
they bare a hit;bly dispersive piiwer, a sulphur yellow colour, and are ex- 
tremely deliquescent.— ( 7Zp Mitternlogical Mat/aiine, 1878, li. (W.) 

Fluid Camliet in Blende. — A. Scbortel has remurked the occuirence of a 
cavity, of nearly the size of a pea, and filled with liquid, in a specimen of 
Spanish blende. When the specimen was broken through the liquid was 
ejected. The walla of the canity and the cleavnge-faces mere washed 
nilh distilled water and the transparent liquid qualitatively examined. 
Tbe solution appears to have contained sodium chloride and zinc sulphate, 
the former predominating (£riy. and Hutlenm.-Zeituiu^, xsxtA. 40). Little 
cubee of ealt have not unfrequenliy been observed in fluid cavities of other 
minerals. 

A Sod^t^ de Min^ralo^e has been formed in Paris. M. des Cloiseaus 
is president, and the meetings are held on the secoud Tuesday of each month 
in the Mineralogical Laboratory of tbe Sorbonne. 
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The Microphone. — It was announced early in 3Iay last that Professor 
^u^hes, the inventor of tbe type-printing' apparatus, hod made the discuvc;y 
that certain bodies placed in the circuit of a small battery were so affected 
by the sonorous vibrations of speech aa to replace the trausmilter of a Bell 
Telephone. 

The instrument produdng such remarkable resiUts was described at the 
meeting of the Royal Socio^ on the !)th of that month. 

Tbe telephone was employed bb a phonoscope or receiving instrument of 
grreat delicacy, a small Daniel's battery being inlroduced into it* circuit. 
It was first noticed that if a stretched vrire were made part of this circuit, 
and the strain increased until it l>roke, a sound was heard at the moment of 
breaking, and repeated if the broken enda were prexsed together. 

" It was soon found that it was not at all neceesary to join two wires 
endwise together to reproduce sound, but that any portion of an elec- 
tric conductor would do so, even when fastened to a board or to a table ; 
no matter bow complicated the structure upon this board, or tbe niaterinls 
used as a conductor, provided one or more portions of the electrical con- 
ductor were separated, and only brought into conlactbyaslight but constant 
pressure. Thus, if tbe ends of the wire terminadng in two common nails 
iud ude by side, and separated from each other by a small space, be electri- 
>caUy connected by laying a similar nail between them, sound could be repo 
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duced. TUe tilVect was iuiprored b; 'buildiag ib« nails lag>liul rosluoD into 
a square figure, using' Wn or twenty nuia. A [uece of steel w&tch-«tuun 
acted well. Up to this point, tlie coarser vibratioas alone were produced, Ibe 
finer inflections were wissinK; in other worda, the linArt of die voice was 
wanting, but in the following experiment it became more and more perfect, 
until it reached a perfection leaving nothing t" be desired." 

Ur. Hughes tried all forms of pressure and [uodee of contact. .\11 meiaU 
could be made to produce identical results, provided the dimion was intsl) 
enough, and that the mateiial used did not ojddixe by contact with the air 
filtering through the niass. A mass of ahot ia peculinrlr sensitire to lounil 
while clear, but sa the shot soon becomea coated witb oxide, this senutiT«> 
ness ceases. Carbon, from its surface being entirely fre« from oxidation, ia 
escfltlent, but the best results at lii'st attained were from mercury in a finely 
divided state. Housed the willow-charcoal employed by artists for sketching, 
heating it gradually to a while heat, and then phmging it suddenly inUi 
mercury. The pores thus being filled with innumerable minute globules, 
held it in a state of line division. Tin and zinc nnawered the Rom^ parpoM. 
Pine charcoal thus treated with iron dereloped high conductive power* 
though of itself a non-conductor. 

The Eubstances were at first confined in a glass tube or box provided with 
wires for introducing them into the circuit. 

The conductors were found to be affected by sounds absolutely inaudible 
except by this means, and h»nce the instrument was teiined the Microph( 

In its later form it consists of a lozeng^siiaped piece of gn.^-caj'bon 1 
inch long, \ inch wide at the middle, and \ inch thick, the lower poiuled 
end pivots upon a similar block ; all these pieces of carbon being tempend 



The tube-transmitter exhibited to the Royal Society oonaisted of a (tlao 
tube 3 inches long and { inch in diameter, containing four separate pieces of 
willow-charcoal pressed together till the resistance was about a Itiiid oF 
that of the line in which it was to be employed. 

Since then many and various forma Lave been adopted with succeM, A 
sphere of carbon, resting loosely between two hemispherical deprettsinns b 
blocks of the same material answers well; and a pretty oa well as a sensi- 
tive modification is made by Mr. Yeales of King Street, Oovent Garden, 
consisting of s short cylinder of battery-carbon 1 inch long and ^ inch 
diameter, pivoted looeely at its central point and resting by one end on 
Buiall carbon anvil, the pressure on which can be regulated, either by 
superimposed weight or by a small spiral spring. All modifications ai 
mounted on thin resonance-boards of pine, by which the aerial vibrations ai* 
caught and intensified as by the eouiid board of a violin. 

By the kindness of Professor Hughes, the writer has been enablsd 
examine the last shape adopted. It consists of a small resonance bos of 
light wood, like that of a tuning-furk, within which is a vibrating plal« «l 
iron about \{ inch lo^g, and \ meh broad, pivoted, as in the provioua osW| 
about its centre, and held down on the contact-nnvil by a light spring, 
capable of opposing a weight of from 6 to 20 grains. The contact 
ari' ' 'ery-carbon. If two of theie microphones and two ordiiiM; 
I ' included in the same battery circuit, a curious &ct 




light ; for ths two microphones being held lo the Iip« of the e 

parties, aod the telephones to their respective eftrs, each olM^irer he&n t,^ 
nut*- sung by the other, Iwt not that which he ia himself siuiullaneoualy 
smittiag. The eTplnuntioQ of thia iindoubled pheuomeooQ la aomewhat 

Dr. C. WlUiam Siomt-os, at a di«:UMii>u before the Society of Telegraph 
Eoguie«r8, referred ti> the iotimate conDection between the microphoDe and 
its two elder aaters, the telephone aud phonograph, in conjuticlion with 
which it formed a discovery which would probabl; be hereaftur regarded oa 
one of the greatest ochievementt in uatuml science of the present century. 

He further compai'ed the phoDograph with the actinu of the brain in the 
exercise of Qiemory, the extFronI impressions being commuuicatMi to 
ooqiuscular bodies imbedded iu grey aubntance, nnd connected with the 
nervous system of volition, Fresh inipreasions may be understood to give 
rise then and there to nctaof will, but how ettinds the cfise with imprea«ions 
commuiucnted years before, nnd. as we tf rm it, " Oomiuitted to Mi^mory" ? 
In order to this, the mind must bare some power of reproducing a material 
record by which the impresaion has been rendered permanent, Sncb a 
hypothecs might also explain the confused in)ngei< of drt^amiog, and the 
more vivid recollection of what occurred in early life, when the mechanical 
rerord may he supposed to have been distinct and indelible. It was al«o 
potuqhie, l)y studying the action of selenium substituted for carbon iu the 
microphone, that the impressions receiied by the retina would be equally 
susceptible of storage. Therecord itself might he supposedto bemechauical*. 
more probably, molecular, at any rnte, material. J 

Mr. Seabrooke points out that the microphone does not, strictly speaking J 
magnify the origizial sound, but substitutes for it a varying electric cumiiit 1 
of extreme rapidity. " In gently brushing the etaud of the instrument, 
sound ia heard in the telephone, but it does not at all follow that wlwt we 
hear is a mnguified reproduction of the brushing sound, for if the rapidity of 
the vibrations ia Insufficient to produce a souud, still they may move the 
carbon sufGcientiy to produce alternations of current, each of which may l)»J 
able to set up vibrations of the telephone plate iu ita own period, or a modl*l 
Gcation of it." I 

Mr. F. J. M. Page introduces a Du Bois Rejmond's induotiou coil bjr J 
ita primary into the microphonic circuit, the secondary coil being coiwB 
□ected vritb a lippmann's capillary electrometer, which immediately giTM I 
lai^ and deSnite movements of Its column. 1 

Sir Henry Thompson demonstrated the surgical value of the microphono 
on Juue 4, in the Anatomical Theatre of Univerfaty College. The sound 
used for detecting stone in the bladder was connected with the curouit, and 
whenever it struck the smallest fragment of calculus, the result waa clear 
nod unmistakable. Bullets and fragments of bone, he stated, might, by a 
^milar process, be disaivered. 

On the day previous to Sir H. Thompson's demonstration, Mr. JameH 
BIyth brought before the Royal Society of Edinburgh a stUl simpler form of 
the microphone. Tie tnclude-s In the circuit " a froall jelly can," half filled 
with cinders broken into coarse fragments, the connection being made by 
slipping dnivn at opposite siries, between cinders and jar, two slipi of tit» ■ 



332 POPBLAB 8CIKMCE RBTIBW. 

to which lie wires are attached. Articulate woud* were ihiu bcmd tery 
loud and dietinct, tliaugh ^Kcannnally marred, by the rattting uf the 
in the j&r. 

lie then filled a shallow box of thin wood with ciDdere, oniling to it» two 
«nd8 tin connections. It proved to be ft very 9«iidtive transnutlerj 
thre« such boxes were hung like picturea on the walls of > tanm altaost mij 
noise made in the room wsa revealed. A part song by two voice* WM 
tinctly transraitbid. When water viae poured into the original csn, tha 
Leclanchfi cell could he dispenaed with, 

Jt proved that the jar of cinders would act as a receiver aa weD ai 
transmitter. Two Grove's cells were included in circuit, and articulnu 
Atunds were clearly heai'd. The magnetic element of the telephoi 
here entirely superseded. 

To demoDgtrate the actual motion and vibration of the dndem imdff 
the influence of sound, a strong battery and a g\afa jar were 
a dark room flashes of electric light were observed between the tn^ 
meaU. 

In B paper read before the Physical Sodety, Professor Hughes deKrib«a 
the "I^yaicBt Action of the Micruphone" as the introduction ii 
circuit of an electrical rcsistajicc, which varies in exact accord irith 
sonorous librations, so as to produoe an aodulatorf cun'ent from 
stont source. The undulationa in length, height, and form, are ni 
representation of the sonorous waves. It is esseutiftl that the 
ment be so arranjfed as regards piuasura between the touching aurfitCM 
as to be adapted to the particular vibrations employed. Thus n box 
suitable for n man's voiee b not adapted to ob«en*e the tramp of a fly. 
When speakiDg, a galranumeter should be iutei'p)Bcd in the dicuit, and 
the pressure between the surfaces graduaUy increased from i 
until the needle remains atationaty, when a mavmiim loudness will be 
attuned. In the experiments illuutraiiog the paper, a small cIocIe being 
placed on a drowing-board carrying a microphone, and mad 
nipt the current pasang through n telephone, the tiek was audible 
throughout the room. The telephone being provided with a Vll-mnuthed 
tube, enabled the sounds to lie heard at a distance. .4. secutid Itili 
jihone was then introduced into the circuit, niid Inid on the boaid, 
continuous sound Iieing at once produced. Thus a relay for the 
voice could be obtained ; for it is only necessory to provide auch 
arrangement at each station for a speech tii be rec«4ved and transmittdd 
ti) any niuuber of succeeding stiktions. The system is perfectly dupliSi 
for if two corroqwn dents speak into nucrophoties, and use telephone* 'a 
recdring, each can hear the other, but his own speech is inaudible, tiA 
if ench ^g a different note, no chord is heard. 

Messrs. Edwin Houston and Elihu Thomson, writing ft'om the Centnd 
High School, Philadelphia, to "Nature " (June Sfllh), describe a "Tel 
phone Relay " or " itepeater,' which conasts in applying the microphii 
directly to the diaphragm of the recei>-ing telephone -, the two fixod' 
fjeces of carbon b>-ing cemented to the diaphragm it«i*]f, and tlie thT 
piece placed in cavities near their ends. The microphone foiTOS part 
the new drcidt in which it is de^red ta repent the message. 
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rom some eiperimento on the htftarncr of Tempfriilurr on Ihr paaaye 
'■ through canary tubfe, Dr. Francia Outhrie c<)Dclu<lt)i : — 
(1.) That the time varies approximately ns the square i)f the abnoluto 
temperature. 

(2.) That the rariation of the tune deviate-* from the law uf gqunres 
hj R ttrm approiimately proportionR! t« the terapemtiire. 

(3.) Thnt the formula connecting the time and the temperatun- U 

( = JT (T + S) 
when- T U absolute tempemture reckoned from — 27;!° 0., nnil 3 eeema 
to depend on p, — p., or the difference of pressures, the exact relatiim 
not lieing obvioua. 

Thrrrno-Eledrk CurrtnU in Strained Wiret have been inTetttigated hy 
Mr, G. W. von Tunietmaon. The object in riew wna to det«rmiDe the 
conditiouR luidcr which tbermo-electric currents are produced iu n circuit 
composed of a single metal, when one portion of the metallic conductor u 
subjected to a strain, and the strained and unstmined portiona are moin- 
tidiied at ^fiereut temperatures. 

" Two tin cans were obtained, open at the tup, and pierctid at liie bottom 
bynecka, intJi which India-ruhher corks were inserted ; through vlita id these 
the wires were passed. The wire was fastened by a clamp in the tower 
can, and grasped tn the upper by a pair of wire-drawing dogs attached to 
the shorter arm of a lever, to the lon^r arm of which wan attached another 
tin can, open at the top, and having at the bottom a neck fitted with au 
India-rubber tube, which could be closed by merely bending it up and 
hitching it in a hook attached lo the can for that purpose. The Ntraiii uri 
the wire was then produced as pmdually as poaable hy pouring in measured 
quantities of shot. It could be removed as gradually by letting the shot run 
out by the India-rubber tube. 

"The two cans through whicli the wirepa'*»«d were kept, one at 100° 0, 
^^^W lower, at the surrounding temperature by n stream of water. 
^^E" The ends of the wire were connected with a Thomson's Oalvauometer. 
^^K* As the Btmin was increased the current was increased, but only up tia 
^^Hntein limit. ^Mle^ it waf carried beyond this point there was a gradual 
^^aecrense in the current. If the rtraiii was very carefully increa«>d the 
direction of the current was reversed shortly before the hrealdiig dtrain was 
reached." 

Ten such experimentti are recorded, from one of which n diagrammatic 
curve i^ obtained. 

On thf pitch of a tmaiiff~forh in ran incunipremUe fluid, by Felix Auerbach, 
When a tuning-fork is plunged in water, a note, not agreeing with that in 
air, is given out, the dissipation of kinetic energy taking place in incom- 
pre«sib1e fluid diflerently from that occurring in air. The tone hecomef 
deeper in the ratio VW : 1. i.e., as 1-18 : 1, or about as 7 : 6, more, there- 
fore, than a tone, and less than a minor third. 

The fall in pitch was determined by means of beats between a fork iiu- 
mersed in water and another, of a tone lower, in ab. It appears that the 
resiatnncB of liquids depending on density and viscusity does not come 

leibly into consideration as regards wave lengths, though it does as regards 
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ninplitudes. Thi? in tnip of mercury iind glycerine, thnugli tie 
hiirb denrity, nod the latter nf (n*at vuicoMty. 

BxptrimtnU icith Floating Magne/f, made ty Alfred M. May*r, Aaw 
rnntiiiDB and mrftHRenientfl of freely raoTin(t bodies Acted on W foita d 
attmetioD end repultdon. 

A doMii sewing needles,* magnetized with their pcnntfl of anuUr (S) 
polarity, are run into small corks bo as to float upright in woter, with tb 
eyes above the surface. 

The north pole of a large cylindrical magnet bdng brought dnwnom 
them, they arrange theraselvefl as an equitnteral triftngle. Fixir nrvdla 
form n ftquare, or an equilateral triangle with a central needle. Hte fim 
a square with centre, or a penta^o; six a pentagiin with centre, or a 
equilateral triangle of six points arranged quincundally ; seven form a rcgulu 
hexagon with central needle, and so on. 

Floatdng needles may be used generally as delicate indJCRtora of magaeik 
BctioDS, such as the position of poles, and the displacemeot ol linca of 
magnetic force during inductive action, or, for instance, in the telephone. 



ZOOLOGY. 

Aerial Rctpiratiim in FMet — Prnfeatior Jobert, of IMjon, who ii now 
engaged in making some zoological investigations in Braril, at the inatUM 
of the Emperor lion Pedio, has ascertuned some excee^ngly remarkkll* 
facts in connection with the resjuration of certain fishes. A Siluroid G^ 
which inhaUts the niiighbourhood of liio de Jandro (CaUitAtitfg airper),tai 
is noted for its power nf Kving a long time out of the water, was found ly 
him to swallow Braal! portions of idr, from which it partly absorbs the ozy^ 
by the agency of the walls of the intestinal canal, the carbonic acid fonued,tiil 
theunabeorbednitrogenpivtsiagaway by the aual aperture. Oneiamimi«tl» 
structure of the intestine, Professor Jobert found its inner surface bearings 
multitude nf filiform appendages arran^d in tufts, and composed eseenliiiljr 
of blood-vessels. 

A somewhat analogous ca«e was observed in several other fishes inhaUl- 
iDg the valley of the Amazon. They live mslagnaut water, the temperatim 
of which often exceeds 104° F. ; but this does not appear to be suffideal t> 
support their respiration, and they are obliged to come frequently to tie «uf> 
face for a supply of air. Sometimes, also, the water in which they have lefD 
living is dried up, when they are seen making con^derable journeys hj l»i 
in search of more favourable locaBties, crawling on the ground by meiuu cf 
thfar pectoral fins. Some of these are species of CaUichfhgg, and, like tlw 
C. atptr of Kio de Janeiro, they possess a double respiration, — reapriog tie 
air contained in the water surrounding them by means of their gills, and tix 
the atmospheric Mr which they swallow, and which passes thruugb their in- 
testine. The emape of the exhausted air from the anal apenure in tliw 
fishes is a&id to produce a constant bubbling in the water they inhalut, kA 
M. Jobert's investigations, though imperfect, sufficed to convince him that tin 
air evacuated contained much carbonic add, 'ind less oxygen than atmo^iiirie 
ur. The vascular tufla clothing the wall of the intesdne originftte fiM 
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adjacent Teuis, in the suae way as the afferent resets of a lung. Species of 
Doria and Sjfpoitomu*, iohabitii]^ the Upper AmSEoji, respire air in the 
Mme wBj ae the Qdlwhthyet, but in the HypoitKnui the used air i« returned 
towards the mouth, and escapes by that orifice or by the branchial apertures. 
In Sudit giya* aJid some spedea of Eryl.hritutt aerial respiration takes 
place faj the a^ncy of the awinuning^bladder, which, in the latter, has long 
lieen known to communicate with the outer world [tbrougli the ce«>phagi]8, 
and to be fonufihed internally with numerous ceUo formed bj membranous 
fold.*. Professor Jobert finds that the walla of the BwimminR-bladder, in- 
eluding all these folds, are richly provided with blood-vessels, mostly 
originating from the Tenous system, and that it is thii.i converted into a true 
lung, by the posscaaon of which the fishes are enabled to live for a long 
time out of the water. Of the reality of this respiration, Prnfeesor Jobert 
convinced himself experimentally by obstructing the air-diict leading to the 
bladder ; the tiah soon died by suffocation. These observations are par- 
tumlarly interesting »s establishing further bonds between the true fishes 
the Lej^oniens, and the pereDuibranchiate Batracbians, which possees at the 
same tuoe bnnchite and true lungs. — {Compt,et retubu, April 15, I87(t.) 

A Ntw Tubicdar Anndid. — The late Professor Claparide described certain 
small Annelids as stages in the development of the well-known TerebtJla 
riYiuAUrga. M. Adolphe Wartel, a pujnl of Professor Giard's, detected what 
appear to be the same Annelids attached to the branches of the common Cam> 
pnaiilarian polype, Laomedea gdatmom, where they inhabit small projecting 
transparent tabes, so exactly resembling the gonothecee of the polype, aa 
easily to escape detection. The presence of generative products in many of 
them proved them to be adult forms, and not young stages of any Terebdla ; 
and Professor Giard establishes a new genus and species for this interesting 
litUo Annelid, which he names Wartelia i/onotheca, the generic name com- 
memonting its discoverer, the specific alluding to the curious mimicry of the 
^notheciB of the Rydroid wliicb lis tubes present It is remarhsble for the 
presence of large otocysts like those of moUuaca and for eertain pecidinritdes 
of the ventral cirri, which lead to its removal fer from the TertbtUm. — 
{Oamfta rmdtu. May 6, 1878.) 

CtrctitiupKtiim of AnU. — Professor Leidy gives somes curious deUwla con- 
cerning the little red ant which seem to show that this insect is capable of 
becoming circumspect by experience. When he purchased his present resi- 
dence, and while it was undergoing some repairs, he noticed a |)iece of 
bread, left by a workman in one of the rooms, swarming with ants. Fear- 
ing that the house was seriously infested by these insects, which, when 
numerous, are great pests, to ascertmn whether it was so he placed a piece 
of sweet cake in every room from cellar to attic, and at noon every piece of 
cak« was covered with ants, and each piece was carefully picked up, and the 
ants tapped into a cup of oil of turpentine. The cake was replaced, and in 
the eveiung was found agoiu covered with ants. The some process whs re- 
peated morning, noon, and night fur the neit two days ; on the third day 
the number of ants was greatly diminished, and on the fourth there were 
none. Pr-ifeseor Leidy at first supposed that all the ants bad been de- 
stroyed, but in the fttlic he observed a few feasting on some dead house fiiei, 
which led him to the conclusion that the remaiidng ants had become suspi- 
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ce»e«il to Tint 



cioux of the sweet coke. lie acconlingly diatributad tlin>ui;h 
pieces of hacou, wliicli weve soon BwarminK witJi ants. This 
witti tLe same resiUt for Beveml daja, wlieu tha ants fiu&lly 
tlie bacon- Hecea of cheese were next tried with the same result*, t 
with an undoulited thinning in the multitude of ants. ^Vhen the cbeeie 
long«r proved attractive, recollecting the feast on dead Kies in thn attic, 
dead gmfshoppers were supplied from the garden. These again ptond 
much for the outs ; and, after a few days' trial, neither graahopper nor f 
thing elae attracted them : they appear to have been thoroughly extenni* 
Dated, nor has the house (lince been infested by them.— (JVor. Aead. .VaT. 
8n. PhUad., 1877.) 

A Figevn Linvg withoiU a Brain. — I)r. McQttillen described before tliit 
American Philosophical Society (Feb, 1, lB7d), a cfue of tlie extirpation 
□f nearly tiie whole of th9 cerebrum of a pigeon, operated upon by himnlL 
He desired to pince on record the fact that the animo! not only survived the 
operation twenty-four days, but that it gradually regained its usual poi»«r> 
and habits of flight and itfl ability to feed itself and drink. Only one otlisr 
eucb case is on record. 

Thf TurbeUaria of the Deep Wateri of the Lake of Genfia.—'i&. Duplt 
finds that, with two eiceptions, all the species of Turbellarian wonns frum 
the bottom of the Lahe of Geneva ore also found in the stagnant water* 
the shores, or in the marshes and small lakes of other ports of the canton, 
but that most of the species have undergone some modifications. Tbiu 
specimens of the Planarians Dendrocaiunt lacleum and ftacttm, from tbe 
deep waters, ore generally smaller and lighter ui colour than those fooDd il 
shallow water, and have the digestive tube of a rosy tint. The lisul 
organs tend to become atroplued ; but one variety of Dettdroaelum laeteun 
has each eye-epot di'nded into two smaller points, and has been detvribcd w 
a distinct species under the name of Manaria quadnociUata. Mierottoinum 
tintare, a Rhabdocrelan form, becomes larger, and has the intestine of a ftit 
rose colour when living at the bottom of the lake. 

The two erceptions above mentioned ore very remarkable one*. Whib 
tht> rest of the deep-wnter Turbellorians all belong to the ueighboarboodi 
these two species, which have been named Vorlex lemani and MeMitlirmiim 
morffientr; but which probably represent new genera, resemble MeditenuMU 
types, and the Mcond belongs to n group of Turbellaria hitherto regarded M 
exclusively marine, These two forms, which have been fonnd in one PI 
two other European lakes, ore among those which descend to tba greatert 
depth. 

As anabgous phenomena M. DuplessiH refers to the oecurreuK amaog 
the Crustaceans of the deep faunn of a form relatitd to the marine gennt 
Cythert ; and static that he has himself obtained two species of Arachoida 
(mites), closely related to marine forms. One of these is h Campojfiutlu 
(C. FnreUi) which so nearly resembles a gmall apedes found on the sbotM 
of the Mediterranean, that the two might i-Odily be confounded ; the ol" 
lielong* til a genus hitherto known only front the Mediterranean. Tl 
facta are exceedingly interestiDg and important, in connection with ol 
nbservntionjt which seem to prove the lurrival in the deepest watt>i* 
^okea of a rundue of the old marine fauna which once occupied 
Vmn., Arch, da Sd., Oct. 16, 1877), 
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TES ON THE OPHirBANS, OR THE SAND 
AND BRITTLE STARS. 
f Peofessor p. MARTIX DUNCAJT, M.B. (Lend.) F.R.S., &c. 
PLATE VIL • 

HE marine invertebrata, which are called Echinodermata, on 
account of their possessing a more or less perfect covering 
lometimes spiny, and usually geometrically shaped pieces of 
wnate of lime, form a very large and natural group, which 
ery well defined on one and not so perfectly on the other 
I of the zoological scale. 

'uvier made the Echinodermata to form a class of the sub- 
^om liadiata, and Agassiz insisted on retaining this nomen- 
ure, which is still employed by some escellent nattiralista. 
: star-like markings and form, the arrangement of the 
oturea in a raylike manner around the mouth, and the 
lumed absence of any two-sidednesa, apparently so cbaracter- 
; of the sea-anemones, corals, jelly-fish, and Echinoderms, 
lered the Radiate sub-kingdom very readily separable from 
worms on the one hand, and from the shapeless lower animals 
he other. Like other abstract matters, clasaificatory zoology 

its phase?, grooves, fancies and fashions, although its soUd 
[Tess depends on a correct balance of embryological and 
phological learning under the influence of a method of 
cious comparison. 

here is no doubt that the Radiata were made to include 
B groups of creatures whose classiGcatory union was in- 
[Tuous, and that those possessing a radiate form were 
;iat«d with the shapeless, and this necessitated the llmita- 

of the sub-kingdom. Then Leuckart, acting irader a lively 
MOphical impulse, insisted, from the study of the structures 
ime of the most important Radiata, that they were positively 
"all round creatures," but were two-sided or bilateral. The 
inodennata were shown not to be truly Kadiate animals, and 
aade a special group of them. The Actinozoa and Hydrozoa 
1 separated from the Echinodermata by their gastric 
iliarities, and their cavity with a sole entrance — their hollow 
il — gave them the name of Coelenterates. Broken a 
Radiate sub-kingdom became a republic, and the i 
3W SERIES, TOL. D. — KO. VHl. Z 
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Ecbinodermata began to seek outside alliances with tbi 
juet as tbe Cceleaterata are now anxious to annex tbe Spongida 
As long ago as the days of Edward Forbes, when the Radial 
Bub-kingdom waa flourishing, that great naturalist paved U 
way to a lat« favoimte zoological development. In treating 
one of the great divisions of Echinodermata, tiie Sea Cacuinbei 
or Holothuriad^ he introduced a group of creatures whidi 1 
called Vormigrade Echinodermata, such as the ehell-bearit 
Sipunculas and the Spoon Worm. He wrote, " In the anima 
of which we have now to treat, Eadialism sets and Annulitu 
appears. In their external appearance they are worms, for th 
likeness they bear to the HolothurisB fSea Cucumliers) depeiui 
on a correspondence with the vermiform and not tbe radiat« 
character of those animals ; but internally they afiFord evident 
of belonging to the same great class. They are in fact Annelidoi 
Kadiata." This idea bore fruit, and set a fa^ion, and ti 
attempts to unite the Echinoderras with the worms, gave way 
attempts to make worms of the whole set. The SipuneuU<i 
and their allies were, however, put into the Vemjes, and now ni 
as GephjTea ; but other discoveries led the urchins, fiv&-fingeit 
jacks and their fellow hard-skins within tbe domain of the 
for awhile. 

The embryology, or rather tbe changes of form of the yooi 
Echinoderms, was studied by MiiUer. And it liecame evide 
from his admirable work, that not only was the Radiate tj\ 
non-existent in the early stages, but that there was then 
evident two-sided symmetry ; the young stage approaching, : 
a time, the immature forms of some worms. The alliance 
the Echinoderms with the worms was not, however, lett wh< 
Forbes placed it. Naturalists insisted on the union of the t 
groups, and thus the hard-skins were, for a time, united Ui 
very disjointed group, possessing all sorts of anom^ies 
structure on account of so many of its members being pansit 
Commonplace naturalists did stare when such things aa «b 
animalcules and tape-worms were united; but having got n 
to it, they ceased very much to wonder when Huxley unit 
these and the whole of the Echinodermata in a prima 
category of the animal kingdom under the head Annulotf 
All have a water-vascular system, there is two-sided symrai ' 
in all, and their ciliated larvce are not without rescmblui 
Iktacslieter, of Dublin, however, says, " the Annuloid arzas) 
ment is a convenient though imnatural grouping, sr **" 
Echinoderms are Deuterostomes, whilst most of the i 
^Scolecids) included in Aimuloida are Archieostomatous." 
meaning of this appears to be, that in these worms tbe or _ 
embryonic mouth remains during life, but that in tbe Ecliil 
denns, this original opening having served its purpose, does 




remain, and 
statement opeo to nSpt 

es, which oooe g>v* the ctar t» 

of as iittle importanee m 

supreme a^ zoological guides 

as a xool(^ical loadstooev 

carried into each ray, 

worms, united hj a 

genius for what it is wortk, it i» 

that the last and the 

the Echinodermata from 

establishes them as a «b-kiaftiium ^finded nto cImmm aid 

orders. The classes are the CmiMdea, the Aatomdea, the 

Echinoidea, and the HokiChiDida; and the oaden of the 

Asteroidea are the Asteiida or Star-fi^ and the Ophinsida. 

these last being dirided into the mb-onieo Ophiane and 

Euryaleae. 

The great fault of this claseifieatioii i*, the too doae anioa of 
the Star-fish and Ophimtans, for theee Ia«t differ veiy coasider- 
ablj from the others in their embyologf, and require a class of 
their own. 

Everybody who has risited the seaside, has seen a Star-fish and 
a Sea Urchin ; Sea Cncumbers axe common in every aquarium of 
importance ; and what are scientifically called Ophiurans, and 
popularly Brittle Stare and Sand Stars are to be !«een drimt, or 
in bottles, in every museum. Sometimes the^e last are seen 
as waifs and strays on the shore, and perchanco on cleaning a 
ood's stomach they may be turned out by the acore. The moiit 
unobservant know all these things at a glance. Thoy havo 
something very decidedly in common, except the Sen CnoiiiiiUirii, 
which links them together, such as the hard and s»iui'wh»t 
spiny shell, the feelers by which they move, and (he ruyt'd 
appearance, and the youngest zoologist would claaaity (lituii 
together. There is another group of these hard-^kina, biuuitifiil 
in shape, elegant in movement, and often dwellers on thii lliMtr 
of the deepest seas; but these, the Feather Stam or Seul.ilitis, uii 
not so well known except to natiu^lists by education. 

It is interesting and also somewhat important, in tuanuninu 

^. into the life history of these groups to know that Uiuy uiit all 

gMcty old dwellers in the seas. Very early in tha worM'd hliliiiy 

Hlhei«were Feather Stars (Crktolds), Staj--Ash (A»t6rhhl.i'),itm\ 

-•Bend Stars (Opkiurane ) ; the Urchine (A'u/tiai) miiuo u litllo 

I&ter, but still in the palaeuzoic ages, and tliuru urn ruliuo >)l tUu 

Sea Cucumber series in the Carboniferouii tuck*. No vtty gioiil. 

amount of structural change hiu ow'urred, aa a wliitUi in tliii 

^Fgioup since palieozoic timmi, aud tlic tyjiuH were tliiu iliit^JWt- 

6 ago — that is to say, in Biluriau tiiMS the UUf-tiaU \ 
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Ophiurans were in existence, and attention is directed to thi 
fact, as it is with the ciasa of Ophiurans that this communic4 
tion deals. 

There is no mistaking an Ophiuran, for ita roimd flat bod 
and its five slender plain or spiny anna, the whole aa a ml 
being ecaly and of many colours, distinguiah it from all othe 
things. They are of very different sizea when full grown ; 
some the body is an inch and a half across, and in others n 
more than a few lines. In most, the contour of the body i 
circular and Bat, but in some it is pentangular, ajid it may b 
tumid or even constricted between the arms. These last vary 
wonderfully, in their size, shape, construction and omamentatioi^ 
and in some instances the number five, so peculiarly character 
istic of the Echinoderraal structures, is departed from, and n 
arms exist. Moreover, it is by no means certain that some Icind 
have not different numbers of arms, at different periods of Uieii 
lives. The top and sides of the body, are either covered with i 
skin, or else with geometrical plates or scales united at tbeii 
sides or overlapping ; they are often more or less covered will 
granules, little spinules, and even with groups of spiaeft 
Black, red, yellow, green, white, brown, and grey, either pure a 
in all sorts of tints, are common colours in the skin and Kpinulei; 
and the plates are splashed with the same colours. The coloit 
may be universal or in parts, especially in rings on the arm 
and in some inRtances the reptile-Uke look of the body and an 
is maintained by a square brown or white pattern greatly re 
sembling that seen on many Ophidia. The plates are oft 
arranged in beautiful patterns, a rosette being central with ru 
of plates in the space between where the arms fit ia to I' 
upper part of the body in a sort of notch. And as the p" 
vary in i^ize as well as being in gcjuares, hexagons, pentagooi 
and rectangles, every opportunity is given to Dame Natoie'i 
love of organic aesthetics. Close to where the arms come ta* 01 
the top, there is usually, but not invariably, a notch for them, am 
between it and the centre are certain plates which are cotu 
but are sometimes bidden, being covered with skin. Two 
them are found on either side of the track of the arms, and oo 
far from the margin or edge of the body above. They are calleij 
Kadial shields, (fig. 1, a) and as one is on either side of t' 
arm they are in pairs, there being five pairs in all, and six nh 
there are six arms. On either side of the arm notch, or ev 
nearer the centre of the upper surface, these ten plates giro i 
character to the animal, when they are well developed. 

The sides of the body are between the arms, and are usnalli 
scaled or plated, being spinulate or not. In some they are nak< 
that is to say, covered with skin which has little carbonate of liin 
the form of scales or plates, When the animal i 
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on its back the under put of tkp* bodr umjuULk toeiC mad it$ 
middle is very pretty-lookmg, aid 1*07 gvoHKCncal. &GiB tk- 
quintuple repetitioa of regohiir ihifULd pKiEtef oHi^ufisig' to 
tiie central moutlt. Bet«en iht g fam e g ftff of tiii* qnosirT 
arrangement are the lover fut§ <i<f tfe anns vikSdi coiDe veU 
within the body like so manr ndo. and nsMh to the- ?iit? which 
surround the mouth. Each ann in iu ndsal ojfc^e confines a 
portion of the body between ii and iti$ neiehfacar. and the 
space is limited, without by the eigs: of the body ([th* margin V. 
and within by some plates which pcMnt to the m-Mith. This 
space is an interfaraGhial qiaee, and on it, close to the arms* aie 
dits or linear openings, one on cither ade uHiany, bat in some 
kinds two. These lead upwards, in the proper poaticn of the 
animal, into cavities — the geiM&naivea. Sometimes the inter- 
braehisd spaces are naked, but in most genera, they are covered 
with a less r^^olar and snaller plating or scaling or fpinuling than 
the upper part of the body. At the inner angle of each inter- 
bradual space is a |daie, one of which is sometimes porous, called 
the mouth shield (Figs. 2, 4, and 10 fr>. Within it, that is to 
say, nearer the centre, or, as the term is, '^orally,'^ are two 
smaller plates (Figs. 4, 9, 10 e) called side-mouth diieUU, 
and orally or internally to them is a more or less tri- 
angular mass, firinged at the free sides and tip, (Figs. 4, 9 d) 
with a few or many papillae. Careful examination will diow 
that the triangular snr&ce is divided by a line running nearly 
from the apex to the base, and really there are two triangles 
side by side. These are the under snrfiu^es of the jaws, 
and at their apex the innermost papilla is upon a small plate, 
the under part of which is seen from below, and it is called the 
jaw plate. A different view explains that it runs up into the 
body, fixed on to the jaws, and that it supports some projections 
called " true teeth." lliere are five of these jaw arrange- 
ments, each of which is called ^^ an angle," and the roots, so to 
speak, of the arms fit in between their bases between neighbour- 
ing mouth shields. (Figs. 2, 4, 9 d, jaws ; e, teeth ; e p, jaw 
plate). 

The arms, whether long or short, spiny or nearly plain, are 
composed of an outside of more or less regular plates, and of an 
inside support. They must be tolerably strong, more or less pro- 
tected, able to move, and, oddly enough, capable of being 
separated here and there, and cast off, to be again repaired. 
Their conformation relates to the habits of the animal, and as 
some Ophiurans wriggle th^m much horizontally, and indulge 
in serpentine and interlocking movements wonderful to behold, 
they must have the scales on the arm arranged to permit of 
this, especially as in these instances long spines stick out from 
the sides of the arms. Such arms are of necessity not capable 
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of miich upward or downward movement. It is somewhat 
remarkable tliat although many of the species have arms maaj 
times longer than the bodies are broad, and they seem to le 
of the greatest possible importance to them, still tbey are not 
only readily broken by accident, but even ca«t off joint aft«r 
joint, piece after piece, until only the body is left. These kinds 
have the very good name of Brittle Stars. Other Ophiuraas 
have small spines on the arms, have not so much horizontal and 
about the same amount of vertical movement as the others, and 
their power of casting loose their own segments is less. These 
are the Sand Stars. Both kinds have the arms in numeroua 
joints, each of which consists of four plates. One is above — the 
upper arm plate; one is below — the lower arm plate ; and one m 
either side, and encroaching more or less above and below (or not 
at all), the two side arm plate.^. The plates get smaller and 
smaller towards the narrow tip of the arm, and the whole mem- 
ber consists outside of a repetition fore and aft of these four 
plates. Sometimes skin exists instead of some plates or parts o£ 
plates, and the successive plates are united by skin to theic 
neighbours. The plates arc not very thick, and form, as it weie« 
a tunnel, wide, close to the body, and narrowing at the tip, wbere 
it is cloaed. There is a central support running down inside U 
arm, which can be seen when an arm is broken across, and cc 
tain openings in the arm outside have to do with it. The ope 
ings are on either side of each lower arm plate, and between 
and the side arm plate on either side, and they arc for thn pn 
sage outwards from within of feelers or tentacles. Tlie arms a 
flat below, where covered by the lower arm plate^ rounded, and 
more or less tall at the aides, where the side arm plates and tin 
spines are, and rounded or roof-shaped al>ove, from tha presenn 
of the upper ann plates. It must be remembered that the teit 
tacles come out below at the sides of the lower arm plates 
and they arc protected by a little scale or scales, which mij 
be on the side ami plates, or on the lower arm plates, or oi 
both. On looking at the mouth of a living Ophiuran, fooi 
longish tentacles will be seen in each slit which is betwM9 
two mouth angles, and two belong to the jaw of each sido 
each angle, so that every jaw has four, or two on either adt 
One is higher up in the jaw than the other, and tbey are pro 
tected by tentacle scales more or less large. (Figs. 4, 9.) Th 
pa.ssage between the t«eth leads to the stomach. One of tbi 
group in lively movement is a sight t« see; the nanacuUl 
energy is marvellous, and this is especially the case with Uu 
Brittle Stars. A Sand Star may be seen crawling over thing 
in the aquarium, moving its arms not very much, but ixaai 
) TiiimerouB pairs of short active tentacles a good deal. Thq 
lUckers at the end, and they are not attended by 
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ful pincliing pedictllarife aa in the Urchina and Starlisli. They 
do not help the star much id climbiog up glass or weed, but tliejr 
appear to be extremely sensiiive to touch, to tho presence of foul 
water, and of nice things. The large tentacles of the month 
angle spaces move much, and evidently direct food to the month, 
and when a soft bit of oyster ia given to the animal, it being 
permitted to touch one of the arms, thin is moved towards the 
mouth, and the mouth towards it. All the tentacles are expanded 
to the uUnost, and the morsel is pressed against the mouth and 
gradually disappears, the opening between the teeth liecoming 
slightly wider ; after awhile, the part of the food wliich cannot 
be digested is returned. They know what is nice, and can 
therefore taste ; they are vivacious after a good meal, and 
therefore digest comfortably ; their tentacles enlarge and con- 
tract, and the arms and body grow, therefore there must be 
a circulation and processes of nutrition. They have more than 
a rudimentary nervous system, but eye specks or visual organs 
are deficient. Tbey soon die if their respiration is not well 
kept up ; and as this is mainly done by the tentacles and tlieir 
internal macliiuery, a curious setf-mutilation accompanies im- 
paired respiration. The arms are cast off at joint after joint, 
as the water becomes more and more impure. The Brittle Stars 
drop their arms, which continue to wriggle for a. time very 
readily ; and the process of repair aeems to be pretty rapid, for 
new arms or pieces soon grow again. 

It is now necessary to consider some points in their anatomy 
and physiology a little more closely. 

If the skin and scales of the middle of the upper part of the 
disc be carefully cut through and raised with a pair of forceps, 
a membrane wilt be found lieneath them, and attached pretty 
firmly in some placea and less so in others. The membrane is 
the upper part of the stomach ; and if it be opened, tlie inside 
of the organ is seen, and quite low down there are five whitish 
bodies projecting inwards towards a common point (fig. 5, d, e). 
These are the upper five teeth, one on each jaw, e, and the upper 
surface of the jaw plate and jaws is seen (fig. 9, e, ep, d). An 
opening exists between the approximating teeth centrally, and 
it leads to the lower surface of the animal, or to the lower 
opening of the mouth. The teeth stand out well, and the 
membrane of the stomach is not attached to them, for it en- 
circles the whole jaw arrangement a little further out than the 
attachment of the jaw plates to the jaws (tig. 5, «), and passes 
over the space between the angles. The stomach ia in the 
shape of a wide-mouthed bag, which has no other opening 
than that of the so-called mouth, and it does not fill the body, 
nor is it, as in the star fishes, foimd in the arms. It is attached 
to the under surface of the skin of the upper part of the 
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1x)dy, and also along the circular line on top of the jaws, aod liiis 
last adhesion is not broad but almost linear (fig. 6, a). 

Leatbery in spirit and wat«r, its structures are not then 
readily distinguished ; but a fresh Ophiuran's stomach mem- 
brane is semi or quite transparent, and yields some interesting 
points to the microscope. There is a muscular coat, consisting 
of sets of separate fibres, unstriped and sometimes branching, 
which radiate from many centres. Those of one locality join 
on to those of another, and form a series of close meahn. 
The fibres arc distinct, delicate, and are outside a mas^s of cells, 
which are spread out as an indefinite membrane, and are ciliated. 
The cilia are numerous, small, and are readily cast off with their 
cell. It would appear that, allbongh the lower limit of the 
stomach around the mouth within, is an irregular circle madft 
by the jaw plates and the sloping sides of the jaws (producing 
five re-entering festoons and loops external to the jaw plate), 
there is a film of probably ciliat«d membrane passing down 
between the angles to the surface. But really the entrance to the 
stomach is central only, and not also between the side of each 
jaw angle. The teeth form five buttresses around the open- 
ing. The large tentacles in each angle are muscular, tubular, 
and ciliated, and they come out of the jaws by boles, one of 
which is nearer the stomach than the other. They fill up 
the angle greatly, and as they move radially, they assist the 
food in entering, and expel undigested matters, and, as Forbe* 
wrote years since, they are in constant movement. Water 
passes readily into the mouth and stomach, when the teeth, set 
in longitudinal series on to the jaw plates, are slightly removed 
from each other {fig. 7, e.); but when they touch by their points 
the passage cannot be free. The question arises — Du the ver- 
tical true tefth act as chewers ? By what structures do they 
approach and regress in order to chew? Mr. Lyman calls tiib 
five angles of the mouth and the supported teeth the chewing 
apparatus. We distinguish between biting, masticating, 
chewing: the last term relating especially to the particulBT 
lateral movement used by mammals, and to a constant n 
ment, in which the teeth are not much separated, and which ii 
used by man to enjoy tobacco. 

There is eWdently no lateral movement in the angles of tlto 
jaws, and that which is directly to or from the central or axial 
line of the vertical mouth, must be very slight. It would appew 
that the jaw plate is made up of more than one pieoe, althoogfa 
this is by no means always to be seen, and the t«eth wtuoh i( 
supports on its inner face (figs. 9 and 7, e) are said to be coB 
nected to it with muscular fibres. Microscopic, indeed, in 
they, and they can only relax and contract and fix the te«tli 
laxly or rigidly to the jaw plate. Their power of assisting bttiB|j 
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or crushing is bjpothetical. The tooth papUlsE! (fig, 4, t.p.), 
which in some genera form a Bytnmetncal group close to the 
lower margin of the jaw plate, merge gradually into five teeth 
above. They cannot act as crushers, and indeed in many species 
those of tbe five angles are widely separated below, so as to form 
a funnel-shaped opening to the mouth, leading to the narrow 
space above, where there may be only two or three teeth on each 
plate (fig. 4). Lately Danielssen and Keren and myself have de- 
scribed species in which the true teeth are divided, pointwl, and 
irregular, and yet the Opbiurans were invariably large and well 
noiiriehed. There is no rule about tlie closeness or open con- 
dition of the mouth canal between the jaw angles aftir death. 
In some specimens the teeth are in apposition, and tbe mouth 
papillEe (fig. 9 m., p.), nearly close the sides of the angles ; but 
in others it gapes and rigor mortis fixes it slightly open. 
Moreover, small Lamelibranchs, as I have lately had an oppor- 
tunity of finding, get into tbestomach, but theirdelicate \'alve3are 
not crushed; and Foraminifera are to be found there, compara- 
tively uninjured, besides much mud. The masticating and chew- 
ing does not take place. The mouth papillie, situated on the sides 
of the jaw angles (fig. 9, m.p.), are evidently filterers, and so are 
the tooth papilliP. The true teeth keep out trespassers from 
tbe stomach, but none of them are used to crunch or smash 
nourishment, and the wonder is how the creatures manage to 
poke good-sized pieces of oysters into their mouths. The ten- 
tacles within the angles are of immense importance in this pro- 
ceeding, and it is very conceivable that the usual and normal 
food is finely triturated mud, containing minute organic bodies. 
It is clear that in some species the moving outwards of the jaw 
angles from the axis must be of the slightest description ; for the 
mouth apparatus is rendered unyielding in them, by the side 
mouth shields being united under the arm in a continuous 
zone. On the other hand, some extra limit may be granted 
by tbe non-union and generally rudimentary condition of the 
side mouth shields in some genera. Possibly some movement 
of tbe jaws towards each other centrally, may occur, first above 
and then below, and it is conceivable that movements of the 
arms from side to side, and from above downward, rare as 
these are in some kinds, must contribute to slight movements in 
the jaws. Some kinds, however, keep their teeth closed in spite 
of great wriggling. In feet, the more the matter ia examined 
into, the more difficult it is to understand, not only how the 
Ophiuran bites and chews, but how it bolts a morsel; and 
certainly it does this last performance, whatever doubt there 
may be about the first. The stomach has some fibres, both 
longitudinal and circular, and some are close to the line 
where it is attached in festoons, above and external to the 
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teeth ; and tbe animal, wben it gets anything eatabla.l 
ite mouth, prubably relaxes ite etomach muscles, and Bt.uBs th« 
morsel dowa with its arms and muuth tentacles. They miiBt, 
in some instauce?, swallow mud in large quantities — mud con- 
taining organisms with calcareous shells, and I have found 
Foraminifera in the stomach, Forbes,' in noticing the resnlt of 
digestion, writes with regard to the tentacles : " They are 
continually in motion, moving up and down ; and every now 
and then when the stomach pouts up and ejects some digested 
matter, the inner tentacles shovel it up, and the outer c' 
it away. This is done with great regularity, and it ia a very 
curious sight, for not ouly are the motions and actions of the 
tentacles admirable ; but when the stomach swells, there appear 
bright orange stripes of a most vivid metallic lustre running 
along its surface with an almost phusphoreaceut gleaming." 
These remarks refer to the common 8aud Star. 

The ciliated surface of the stomach is secretive also, and 
from it must come the weak acid juice which dissolves tbe 
protoplasm and organic matters of the food, with some pepein 
or other. The corroding influence is seen in the minute shells 
found in the stomach, and thus a digested pabulum with i 
salt of lime is manufactured. It is destined to nourish tbe 
animal's soft and hard parts to the remotest arm tip, to replace 
albumen and fibrine, refractive matter, chitinous fibre, and 
worn-out carbonate of lime of the skeleton, and to be placed IB 
definite positions during growth. It has to be circulated every-, 
where, and the worn-out matters have to be got rid of from the 
tissues. Substances wbieh cannot be digested are of coune 
simply removed through the mouth ; and as perfect closure of 
the mouth cannot prevail for any considerable length of t' 
much water must find its way into the stomach. Doubtless tiie 
ch)-me, if it may be so called, is much diluted, and il is wafted 
over the inside coat of tlie stomach over and over again by 
means of the cilia, but, beyond believing that it may eoter 
stomach celts and pass from one to another, the imaginattoa 
Coils to assist in the elucidation of the problem, especially if it 
is centred in the belief in veins, arteries, and lymphatics i 
inevitably necessary physiological adjuncts to nutrition. Some 
amount of churning may go on in the stomach during digestion, 
for the muscular fibres are numerous, and are of the kind whidi 
is associated with involuntary rhythmical movement ; and tbli 
alternate contraction and relaxation may assist in the movement 
of the nutrient plasma in and through the cells. The proc«ll 
muiit be of tbe simplest kind, and this is an important cunaidi 
ation, for digestion is much more complicated in the T 
and IStar-fish, which are associated with the Opbiiuaiu ilk>i|| 
fication. 

. * Foibet, " A. I^U>r| at ^^ai-fi«lw«,' (. 34. 
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There is a plan wUth I bi 
rough aoatomy of the ftjifciMi . wkkb 
investigators, espeeiallj if tker hn« time to Mlov ant 
structural details riiiek ate leaileigd iiiiaifcil liv it. Get a 

small speciioen of fTjiti'iijfyjiia, iiwl pat it ia «eak kjdiwUflcie 
acid and water, I in 100 at *'^,™' the* 1 in 3Q,«adtin^ aCbem 
in clean pure water. Too bbA '™***'''g ^mt not be allowed, 
for it destroys the tamtet, huA if the aaltftiaB of the cvfaooite 
of lime proceeds steadily and dowlr, a very senadafale pnpa- 
ration may result. It is <li*ii^h to get lid of aB the carhonata 
of lime, eepecialJr &om within the ai^o, bat "■*■■*** may be 
dissolved to gire capital riewa of tiie aaatumj ■ 

One detail ioon beccoaes endest on the nader BOtftee of the 
animal, and that is the lower limit of the rtomacfa. Tam the 
preparation on its proper apper sni&oe, and *■"*"■* the lamtt 
by transmitted light, and a wide cizde of timie b seen hiddoi 
more or less, by the ttao^pamit tiKoe which was ouee jawsL 
It €11^ up the sUts between the aa^es neadj to the level of the 
jaw plate, and there is no paaiage there into the side of the 
angle. On this lower aor&oe of the st/miach, or in the proper 
position of the animal under it, but <dcK« to its attach mept 
to the jaws, ia a canal or tabular membnme. It can be aeen to 
give off brandies^ and to make its way as a microscopic tube 
into the arms, rrmning in the median line on the under snr&oe 
beneath the lower arm plates, which are of course all dissolred 
away, so &t as their mineral part is concerned. It is a circular 
tube surrounding the in^rtion of the stomach into the jaws at 
a little distance and branching for eveiy arm. In a little 
Ophior/lypha, tbe body of which is less than ^ incli across, the 
tube is about -j^ inch in diametor after the acid treatmenta ' 
The tube has swellings on it called Polian vesicles. In I 
instance before me, a short membranous tube leads from I 
perforated or madreporic mouth-shield to a globose enlarge 
ment, whose diameter is five times that of the tube, and a cor-f 
responding tube makes its exit on the other side and thei 
slants off to the circular tube, which it joins. This i» the fitidot J 
with water, from without ; and in its passage from the moulb' 
shield to the circular tube, it runs upwards and slightly in' 
between the root of two arms and outside the stomach i 
brane, and between it and a membrane alxiut to be considered,- ' 
and which has to do with the reproductive organs. The swell- 
ings or Polian vesicles on the circular tube, usually said to be 
four in number, are simple enlargements of its muscular walls, 
with a slight iucrease of calibre on one side of the axis of the 
tube, and they are found close to the position of the otf-giving 
of the radial vessels of the arms. In the specimen of Oph O- 
glifpha, the tube is pentagonal and not circular in direction, 
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and the swelling on the madreporic tube, replaces the fifth 
Poliaii vesicle. The whole is as unlike the drawings given in 
teit books as is usual in cases wliere a diagram is reported 
to be a tnilhful represent at ion of nature. Moreover the canal 
is closely invested by other structures, and when full and in 
action miist have contained a very minute quantity of wat«T. 
It is said to have an internal cellular layer which is ciliated, 
and one can envy the eyes which saw this very probable fact. 

Between this more or li^as circular caual and the circnlor 
attachment of the stomach, is a ring of nerve which rests on the 
jaw close to where there is a suture or join between tbe stout 
or inner part of the jaw aud the narrower portion, to which is 
attached the jaw plate. As a matter of fact this nerve iti 
external to the stomach attachment and slightly above it, and 
it is internal to and below the circular tube. Wtat modifications 
age may make I do not know, but that is the position in thr 
young.* The closeness of the water- and nervoiis systems is of 
importance, especially if the circuhir tubular canal acta as a 
blood circulator as well, which is excessively probable. In order 
to understand the course of the branches of the circular wat«r 
canal, a few words must be said about tbe jaws, to which 
allusion has been so frequently made. As already noticed, 
their under surface is seen internally or orally to the side mouth 
Bhielda, and two are placed together in each angle, their Bidw 
supporting the mouth papillae and their inner end the jaw pUt« 
and its tooth papiUte and teeth (figs. 4, ti., 7, d., 9, rf.). The 
upper surface can be seen by removing the skin of the upper 
part of the disc and opening the stomach (figs. 5 and S). The 
jaw plate and its teeth are seen to be attached to two 
rather diverging pieces, and these are the upper part of the 
pair of jaws of the angle, rather separated eiternaLly. Still 
further out, the separation increases, and an irregularly triangular 
piece is connected internally with the short diverging jaw, and 
is called tbe jaw or mouth frame. Tbe mouth frame, one t^i 
each jaw, unites on one side with the mouth frame of the j»w 
of the next angle, and on the other, does not unite with that of 
its fellow jaw of the angle, but a space exists. The united 
mouth frames are in contact externally with the first plates of 
the arm, and the vacant Epace between the frames of the ja«^ 
which coalesce within, is in rehvtion with the cav^ty of the body 
which is outside the stomach^the generative cavity. The arm, 
then, springs aa it were from the union of tbe outer part^ of the 

* Edwnrd Forbes deecribed the nervea of the Dftisy Brittle 8tw, 
notkt^ that theiv were no ganglionic enlargements, aad b« statrd that Mcb 
arm wm supplied with two pairs of Dervee Irom two «Cts of the wtin 
<»■ ■ -Srituh Star-^fitAa, c. viii. 41. 
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jaws of two angles, or, in other and more correct words, the jaws 
are modified arm-^ndiDgs, beinp; composed of two arm joints, 
the inner one of which is bent down so as to be lower than tbe 
other.* If a side look can be got at a jaw angle (fig. 9), by 
cutting an Ophiuran across the body along the line of one of the 
arms, the jaw will be seen to be deep and to extend very visibly 
from above downwards. On the side, are two holes and two 
scales or scale-like spines, an upper and lower, and they are for 
the upper and lower mouth tentacles. Tliese long, slender, 
fleshy, hollow bodies come out through the holes, and their 
tubular cavities are continuous with the circular water canal, or 
rather with an offshoot which makes its way to the arm, passing 
obliquely downwards and outwards to reach a groove, which, lu 
the natural position of the Ophiuran, is just alwve the lower 
arm plates in the body of the arm and in the median line. As 
each of the live main branches passes oflT from the circular water 
canal, close to the rim of the stomach membrane, to reach its 
special arm, the side branches for the first two tentacles are 
given off, one after the other. This dipping downwartis and 
outwards of the main branches, is accompanied Iiy a similar 
distribution of nen'e, and the nerve cords cling to the water 
systems, being enveloped in fibrous tissue in a common sheath. 
Every tentacle in the arm has its offshoot from tbe radial vessel, 
and it is short and ends in a cul (le sac, the tentacle not being 
open at its tip. There is no mechanism to produce a sucker, 
and those organs are wanting; consequently there are no 
extra contractile sacs associated with the tentacles and in con- 
nection with the water system, as is the ease in the Star-fish. 
The radial water canal passes, then, along each arm, associated 
with nerves, and at each joint a water tube and nerve are given 
off, on either side, to the tentacles. Probably the tentacles have 
something to do with respiration. The arms, as already noticed, 
(jonsist of a series of fom- plates, imited move or less closely by skin, 
and there is an opening at each joint or cale on either side 
inferiorly and between the side arm plates and tlie lower arm 
plate. The member thus enclosed in armour in many genera, 
and having much visible skin between the plates in others, has an 
internal skeleton, the esplanation of whose ancestry defies the 
most imaginative biologist. It is a structure per ae in the Echi- 
nodermata, and is aa elaborate a piece of mechanism as can well 
be imagined. The use of it is evident enough, and there ia 
some correlative relation between its elaboration and tii&t of 
the aide arm plates. That is to say, in those genera where the 

' There is a capital diagram of ihis by TliHodore Lyman, in " OphiimdiB," 
—Bulletin of tiie Museum of ComparBtive Zoology at Uu^ard Collc^, 
mbridge, Mahs. Vol. iii. No. IP. 
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Bide arm plates do not encroach, over- much, upon the upp"r 
lower Hiir^ces of the arms, the internal skeleton is well 
loped ; but where the side arm plates form a i&rge poi -' 
the arm, then the elements of the Btnicture inside are ' 
represented. They are not wanted, for a dease squa. 
covering capable of but slight movement exists. But when 
ordinary mobility of the arm from side to side and a litl 
of an extraordinary kind from the horizontal downwardG « 
possible, and the outside plates are not too close or rigid, thi 
the long line of ossicles inside each arm is perfect. The resei 
blance of the inner skeleton of the arm to the vertebrae of t 
higher animals is, of course, only superficial, but neverthelL_ 
some of the methods by which vertehrie are joined together i 
the Ophidia and mammalia are foreshadowed in it. On hreakio 
the arm of an Ophiuran across, near the body where one j. 
is connected to another, that ia to say, between two consecutii 
lower or upper arm plates, the central part is seen to be filled 
with a rather complicated structure or ossicle, which presents ti 
surfaces. One, seen on the broken face of the arm left attache 
to the body, is the external, and another, on the separated piece, 
the internal, and they fit one on to the other and are joine 
during life by muscles. The contour of the ossicle of each join! 
conforms to the outline of the arm, in transverse section, and it 
length corresponds to that of the outer plates. The ossidl 
adheres by the agency of fibrous tissue and muscle to th 
upper arm plate above, and to the other plates in their propei 
positions : but it has a decided groove on its under surface ii 
the median line, and this is turned into a canal by the contad 
with the upper surface of the lower arm plate. . A smallei 
groove is noticed above, and is beneath the lower surface ai 
the npper arm plate. These two grooves are in a vertical lint 
which would sep;irate the ossicle into halves, and the lower OM 
contains the extension of the water system and nerve from 
within the body. The surface of each ossicle has certain knobl 
and pegs, cavities for their reception, and broad spaces itn 
muscular attachments. Thus the inner surface has rather above 
the middle, yet centrally, a broad projecting knob, and near th« 
lower edge two smaller knobs, one on each side of the median 
line, in which and between them there is a depression or socket 
On the external side of the ossicle three cavities exist, whidi 
correspond with the knobs, and they fit them, and there is alafl 
a peg which fits into the socket in the other ossicle. Kotatioi 
or twisting of the arm is thus prevented, and also too mucA 
up and down movement, whilst some latitude exists for side tfl 
side motion. Considerable surfacea exist on both faces, intd 
which muscles are fixed, and there are muscular fibres on thi 
outside of the ossicle attaching it to its fellows before and behiad. 
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■On looking at the top of an ossicle, underneath the upper ana 
ftr' *, the small groove is seen, and on either side of it a 
Uh dish angular flap on which the upper arm plate rests and 
r ich is the homologue of the mouth or jaw frame. Inter- 

fJly there is a concavity for the reception of the peg of the 
oext ossicle within, and externally is seen the peg itself. The 
lower surfiice of an ossicle shows the large median groove for 
the water tube and nerve, and there are two marks, one on 
cdther aide, where the tentacles rest as they pass outwards to 
the surface, and also the peg and socket in their relative positions 
fore and aft. 

There is an offshoot of the water tube and nerve to each 
tentacle, and there are nervous filaments crossing the muscles 
ivbich are on either side of the median pegs and holes. The 
decalcification of an arm in a small specimen will render the 
^fSHHil and nerve visible, and it appears that they are enclosed 
in rather thin fibrous tissue, the nerves being numerous, exces- 
sively delicate, with numerous nuclei, and they surround the 
water tube. (Fig. 8 x, ij, z.) This is cylindrical, but it swells 
at the joints of the arm plates where the branches are given 
off, and its walls are thick, transparent, and sparely nticleated. 
(Fig. 8 s.) The muscular fibres are unstriped, and most are 
simple ; but many are compound and branch and unite, forming 
a pleius. Many extremely delicate and narrow fibrils wander 
about the muHcular fibres, and probably they are nerves. More- 
over the impression remains on the eye, that there is an open- 
ing at the joint between the meshes of the muscles and the water 
tube, as if the fluid could pass into the tissue. 

In the instances where the plates of the arms are not well 
developed, as in the genus Ophiothela, whose species cling to 
Isidinse and even to other Ophiurans, and in which skin and 
grains of carbonate of lime almost replace the plates, the 
ossicles are still developed. The arms are of great importance, 
and they form, by a morphological metamorphosis, the jaws 
and teeth and support the nervous and vascular systems. A 
few words must suffice to notice the spines of the arms. 
They are situated on the side arm plates, and on the front, free 
outer margin : they are close to the side and point along the 
arm in Sand Stars, which have but slight lateral movement in 
the arms ; and they project more or less at right angles from 
the arm in the other Ophiurans. Those bristly-looking arms, 
characteristic of Brittle Stars, are competent to move and 
wriggle sideways to any extent. Exquisitely beautiful are some 
of these spines, and especially when they are of a glassy trans- 
parency. They frequently move on a rough ball and socket- 
joint, and are often nimierous and even crowded, or are placed in 
one row. Besides these accessories to the side arm plates, there 
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are scales and spinules on them close to the tentucular openings. 
These are a mall and broad as a rule, single or multiple, an * 
occasionally, some are on the lower arm plate. Their dutj 
to protect the base of the tentacles. A third kind of spine ia 
noticed in the small group of Ophiuians which clasp by bend- 
ing their arms downwards. These spines are really booklets, with 
two or more sharp recurved brilliantly transparent teeth, and th« 
side arm plates resemble flaps stretching out from the amu 
more than anything else. Similar, but less elaborately orna- 
mented, hooks are found in many Brittle Stars, and asnallj 
the spine next to the tentacle is thus formed. Some Sand 
Stars, such as Opkioglypka, have a booklet near the end ol 
the arm instead of one of the spines, and Mr. Percy Sladeo 
has found them in our North Sea forms. 

Almost every naturabst has read Edward Forbes's account 
of the spines of the Thread-rayed Brittle Star, which lives in 
soft slimy mud. Its third spine on the side of the joint is the 
largest, and instead of tapering to a point like the others, is 
furnished at its extremity with two transverse-curved spiny 
processes, giving it exactly tlie form of a pickaxe. Forbw 
considered tJiat the arrangement would be useful in working 
about in the mud. 

The arms are readily cast off, in different places, in many 
species of Ophiuraus, and often the disc alone may remain, the 
extremities wriggling for a while and dying, and the disc hoping 
to grow its arms again in time. Keparation is almost as certain 
aa the mutilation. The Brittle Stars are extremely apt to bredOc, 
and hence their very appropriate name ; but it appears tbat in 
perfectly comfortable circumstances one of them should and can 
carry its arms out of the battle-held of lite safe and sound. 
Foul water, fright, what might be called in higher nnimwli' 
hysteria, and accident, produce breaking in hits, or the wholfi 
arm is cast, and the only way in which the process can occur, is 
by dislocating the system of pegs and sockets of the ossicles. 
Too great bending of the arm upwards, brings the lower peg 
out of its socket, and then there is a stress on the large uppex 
one. The least excess of action of one set of side muscles 
over the other, will carry the ossicle out of its axial position, rup- 
ture the water system and nerves, and then the next motion of 
the joints nearer the body, will separate the structures. 

It is necessary, in conclusion, to notice the reproductive orgsns 
whose position is in the body around the stomach bag, and extental 
to and above the water tube and nerve ring. On tuming Uie 
Opbiuran on to its proper upper part, and then examining 
the body close to the arms within the disc, slits will be seen 
parallel with Lhem ; in some genera there is one on each eido 
on (he body, and in others there are two, odo 



KTe the other. These hare oft^n granulatioDS or spimiles 
IT edgeg, and may be short or long. (Fig. 10 g, 2, 6.) A 
He placed in one goes into the body, and if poabed on, will 
IB out at the top through one of the ten lai^e plates which 
placed there close to the upper edge of the arm and on one 
L These are the radial shields. (Fig. la.) If the needle 
Usbed inwards towards the mouth it will be stopped beneath 
mouth shield on the under surface by the jaws as they pass 
irds and sidewards from the arms: and if the instrument 
dsbed In the opposite direction it will be stopped by the 
le of the edge of the disc. In fact, there is a space which in 
isituated outside the stomach and jaw apparatus and beneath 
ehields, and it may be subdinded into ten, two in each 
ittbrachial space, or there may be a greater or less general 
fty extending from one arm space to another over the arm, 
Biog a marsiipium or pouch. In the spring time, the 
pes are crammed and the disc is swollen with ova, red in 
j>or, and there may be masses of white, which are sperma- 

P. They are in and amongst much connective tissue form- 
set of bags. Water passes readily through the generative 
into the chambers, and at the proper time the ova burst 
^ to pursue a very remarkable metamorphosis. Years since* 
iig and perfect tiny Ophiuroids were found iu the pouob of 
■parent, and there is no doubt that then the ova are batched 
and that the metamorphosis is skipped. 
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an. b = n mouth shield. 

am pintee, Mid (mj aids 

i tentacle scivIbs. 

or the ftnimal) of a jaw 



DESCRIPTION OF PLATE ^^I. 
k. 1. The upper aurfftCB of a Sand Star, OpIaiMjlypha Sarm. n- AmdUl 

shield. 
I. 3. The under siu-ritce of the same Ophiu 
Generative rfita by the side of the aruiB. 
I. The Bide of the arm showing (u) upper 
arm plates, carrj'ing epines and minut 
I. View from below (in the proper poaitioi 

angle in e. specit^s of Brittle Stnr, O^iothrir. (/"aJi 
c = a side mouth shield; i-moutU shield; f;i- tooth paptlln 
and at their end some teelh. The oval with the tooth pupillm 
is aalant, and on n higher level in the nnturnl position thnn tha 
|| jaws d. A tenlflcle (9), the loweatoftho anglu, !■ seen on aruh 

I side close to the side arm plates. 

Ib. 5. View from above of ends of teeth and jaws; Ihe corTed l!n« 
t markB the atlachment of the membrane of the stomiich, 

osternal to it would he tho positiou of Ihe nerve cord. • - 1 
*ip = tooth or jaw plate; rf-jawa} J^stomachUim. ThadotI 
lines Dole the line between the jaws. 
tW SBIIIES, TO' \0. Till. A A 
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Fio. 6. The under sur&ce of a Brittle Star. Opkiatknx. 

Fig. 7. The side view of two jaws with their teeth, the apace between 
leads to the stomach abore aiid mouth below, in a small Sand 
Star. 6" teeth; (f«jaw. 

Fig. 8. Water canal and nerves of arm, removed from the fibrous canal 
or sheath, x aa plexus of nerve fibres on the water tube ; y> 
water tube ; s =« a nerve on a portion of the water tube. 
Magnified with a quarter-inch object glass. 

Fig. 0. An oblique view of the jaws and other plates of the mouth after 
Lyman; (f-jaw; c«side mouth shields; 6 = mouth shield; 
m|i»mouthpapiIUe; e = teeth; e/m jaw plate. The upper 
and lower tentacles of the angle are indicated by dotted liaeB, 
and their scales are at their exit from the sides of the jaw. 

Fig. 10. The relative position of the mouth shield and the generative slit; 
g • slit ; e m side mouth shield ; h m mouth shield. 



COAL AXD COLLIERT EXPLOSIOX& 

Bt C. IL DE RAXCE, 

ic Eraz. CJL, FjcjLy mas, wmmbw maxcxkzis chxl «k\ 
OF H.ir. cBouwicA^ SfTKnar of x5«la5B asd wjoak 



F^GING the onsU of a laige partion of BriUun ar^ Uim»^ of 
raised beaches, safameiged forest beds, and inlaml traott of 
peat, resting on maniie and estnarine depositiK indicattu^ a •Mo* 
cession of derations and sobsidenoes, chaiacteriied by p«»riod« of 
v^etable growth, alternating with ^ill longer epoch* of d^poiU* 
tion. Nowhere, perhi^ks, can this sequence be studitnl to bi»((«)r 
advantage than in the lowlands lying between tho MenK^y aiul 
the Bibble, and nowhere coold be found bett^^r exainpltm of Xh^ 
probable method of formation of the various meaaurtii and inml 
seams of the adjacent West Lancashire coal field. rart^Ail 
examination of all the thicker coal seams show them to inmnitft 
of distinctly stratified vegetable matter separated iuU) K^MifM 
by earthy partings, which vary in thickness, even in dilfcirt^iit 
parts of the same colliery, and which, when followed to a otiii* 
siderable distance, are often found to not only expand, but to 
be associated with other sedimentary material, so tJmt tho two 
layers that form one coal seam at the first point, l)ai*uiue mi\m^ 
rated into two distinct seams in the more distant area. 

An exact parallel to this may be found in most of the I^unua- 
shire mosses, thin planes of grey clay traversing the centre of 
the moss, gradually expanding towards tractrt where tho wuti^r 
was deeper and currents brought in foreign material, until tho 
basin-shaped hollow was filled up, and the growth of peat went 
on. 

All who have studied geological sections, espeoially in their 
relation to the structure lines of scenery, will have notloed the 
tendency valleys have to occur along lines of anticlinal axes ; 
while the synclinals, or inward dips, constitute planes of strength 
which are noticeable in nearly all oiu: hills of all geologioal 
ages, and especially in those which have longest withstood the 
wearing and degrading action of later denudation. The coal 
fields are, however, a noteworthy exception to tbisi for though 
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Eeldom rising into hills, they are almoHt iii\'ariably foond 
haain, which can be proved in many casea to be a syndinal 
not merely of subsequent movement, but of contempoianeoua 
deposition. In other words, the vertical distance between two 
given coal aeama or other horizons is greater in the centre than 
on the edges of the coal basin ; the thick coal eeama of the cir 
cumference of the area have divided finger-like towards the 
centre, where the land was subsiding at a quicker rat*, and tha 
intervening space has been filled in by sedimentary material, 
deposition keeping pace with the rate of subsidence, so that tha 
uppermost coal seam covering the whole is contemporaneom 
over the whole area. The Staffordshire thick coal, apUtting 
into so many seams, is perhaps the best example of this. In 
the Newcastle field there is a thinning and splitting towards 
the centre of the coals, and thickening of the sediment. This 
is also the case in Lancaxhire, the measures between the Arl«y 
and Ince Yard coals thickening towards the centre of the basin 
66 feet per mile for each mile traversed, or from 1,500 to more 
than 2,300 feet. And here the remarkable tact works out that 
at the time of the formation of the Arley seam the rate of sub- 
sidence was the same over the whole field ; but a little later in 
time an axis of greater subsidence came into being, which 
gradually travelled to the north-east during the deposition 
the whole of the middle coal measures, until it reached the d 
trict around Wigan — the area where the celebrated Wigan 
cannel is of greatest purity and thickness. Here vegetahia 
matter would reach its most complete condition of maceration, 
and here the cannel-coal vegetable matter in the most estrenM 
state of comminution is thickest. Ansoeiated with the cannc! 
are the scales of large fishes, which, salmon-like, swam througl: 
the water from the more open sea. With the cannel and i 
various other horizons in the coal-field are thick Eeama of At 
ihracoma shells, near to our freshwater mussel. Whether thf 
represent it or the estuarine condition indicated by the Scroti 
culaHae, which so constantly occur in the grey clajs intci 
with the Lancashire mosses, is still a moot point vrith 
turalists. 

The character of the trees found at the base of the 
shire mosses varies with the nature of the underlying i 
Generally the roots penetrate the grey estuarine or &esb-v: 
clay beneath, resembling much in appearance and cbein 
composition the nnderclay of the coal measures, contaii 
the stigmaria-roots of sigillariun tree trunks, found broken 
ecnttcred in the coal and shale above, just as the Ixees fc 
in the mosses have been broken off at a certain distance a) 
the ground. 

""■rough obstructed drainage, water has accumulated 
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le tnmks in botk okiu SesRes Innr» ftUeaL armmd tbe tzanks^ 
og and moras bsve ifamnA. fflirthig off oil lioppLy •}£ ongon 
om the roocc tae {» vhidJi fiHUu so »?iiiRntaai ;i amstitiieiic of 
le sap, and vniiaas vfisctL ciie cif» <smm)C live: che liiseoinpuiBr* 
on going on. \he MLbl TOfieEahle matexioL muat have cubbied 
le soil of iu cxTffaL nnnL aH die inn in it wan iedui»d to 
rotoxide, and an <ftB»gcnaI rmrfpr to the enxzanis of all frosk 
C7gHiprodaeed:Bi>Iie9»duBL4rr3 p«r csLC^of piotuxuieof urhl 
sing found in Sxisdsm hj Dr. Fcankiand^ After the denck of 
16 trees, the trank^ appemr tu have been, siopped otf by pcevar^ 
tnt winds aloi^ the Ihie of junction of war«sr and air« ami bodi 
1 the coal measiRS and in. che maeaes there u» genecallj ;ik 
eterminate direeszoa in the lie of the trunks. The ^rrowth 
f peaty matenalgradullj covered op the tronksvand iub«deao* 
lacing the sortKe faeneoch the wac^ leveL the whole biH.nu»!i^ 
>vered op wich snd and mnd. borne by currents which ocvuk-^ 
onally have oompiecidj ctxc oofi the coal aeooLk since tilled iu 
ith sandy matpiial ferming die -^ ruck fimlts ^ oi the nuQ^r« 

Through snfaaeqiKBC prenore the coal has obtained an etaU><» 
lie system of joiatzng, which maintains an averajce |{eu«ral 
irection over extensive dtitnecs* bat differs in ditftHreut cual* 
elds, douhcksB running parallel to the main liuei* of iu\>vyh 
lent which tiavene the district, some of which hav«» «mMU 
roiight the eoal-dekl to the sor&ce, or to comparativt'ly i^oH 
istances beneath the cover ci mideriying rocks* 

Bischoff, Graham, and Playfidr have shown that ih^ i^mimi 
irolved by coal contain firom 66 to 94 per ceut« of light oarbu^ 
3tted hydrogen, and that nitrogen is always pre«eut« »om«^iliH^ 
mounting to from 14 to 21 per cent, of the entire voluiut>« whieh 
■n only be explained hj ^ supposing that air ban )H)nueattHl 
ie fissmes of the coal and, acting upon it^ has bot^u n^bb^ of 
» oxygen, partly by union with hydro|];en, partly with carlKOi." 

The process of decomposition of the coal is still K^i^ on 
nder conditions of considerable pressure and toleralJy high 
smperature; the elimination of carburettiMi hydn>g<>u, oarbouio 
cid, and water, forming the much-dreadiHl " ttro damp ** of the 
oilier, is tbe result. It will be remembered that the oomposi- 
ion of our atmosphere in a state of purity is, iu 1,000 parts, 
88 nitrogen, 197 oxygen, 14 moisture, and 1 oarbouio aoid, 
ombined mechanically, and that an adult vitiates a cubio foot 
r air a minute. Then the capacity of the air for holding 
loisture increases with its temperature, holding 2 grains per 
ubic foot at 30"" F. and 7 grains at 70^ 

The ventilation of a colliery has not only to provide a fresh 
ipply of air to replace that vitiated by the oolliers, eaoh of 
hom exhales 6*3 gallons of carbonic acid hourly, but has to bd 
f sufficient strength to sweep away all inflammable gases iamil 
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from Qie coal. This is effected by having two sbafts^fli^ 
placing at one of them, which forms the itpcast, either doe o 
more iiirnaces in the different coal seams worked, or a revoUinj 
fan at the top of the shaft, which extracts the air in I 
workings. 

Forty years ago no mechanical means were in vae for measi 
ing the velocity of currents of air passing througti a mine, Uie 
rate being then ascertained by carrying a lighted candle exactly 
at the same rate as the current, so as not to deflect the flame, 
which method is accurate up to velocities of 400 feet per minntev 
but is not applicable to the principal splits of large eollienBt 
of the present day, in which the speed of the current would re- 
quire a person to run. Another method that is still used for 
measuring its velocity is watching the time gunpowder smoke 
takes to travel over a given measured distance, of which the si 
tional area is known. 

The first anemometer was invented by Jlr. Thomas Elliott (a 
brother to the present baronet, Sir George), in 1835, and n 
worked by " the air acting on four wands, similar to a windmill, 
which met so strongly with the approval of the coal-ownert" 
that they presented him with ten guineas; but they did not 
adopt it in one of their mines. 

Anemometers that have since been constructed belong to three 
classes: — 

(«.) Vanes revolving by impingement of the current of air, 
registering rate by a pointer, as Combe's, 1 837 ; Biram's, 1842; 
"Whewel's, Osier's, and Hobinson's. 

(6.) Instruments not revolving, but affected by the force orim 
pulse of the wind, as Dr. Lind's, Henaut's, Bougier*, aai 
Dickenson's. The latter consists of a light, counterpoised, flat 
fan plate, usually made of talc, being on two fine bearings. Tfat 
plate moves up an arc, graduated in feet, which gives the reloelQ 
per minute, which, multiplied by the area, gives the ooUc 
quantity. 

(c.) Those of a more complete character, as Leslie's, in vhlcfa 
the velocity is deduced from differences of temperature. 

An ingenious application of the telephone, to test the slate V 
the ventilation of a mine without a descent being made, wiu 
tried last year on the Wigan and Whiston Collieries, by Ulr. 
Hall, H.M. Inspector of Mines, in the presence of Sir Wiltian 
Thompson. One of Biram's anemometers, generally used in 
collieries to detect the velocity of the air, was attached to n 
telephone, in which a small thin iron box was substituted for 
the ordinary diaphragm, which vibrated at every tenth revolu- 
tion of the anemometer; this was taken down tho shaft and main 
intake and connected with a telephone in the ofiioe on I 

by 6O0 yards of ordinary coated electric wire. The 






vibration was diitiiiellr kondp gma^ ^ ^■^"^ * 

280 revolutdoiiSy wliidiy moltipiicd bgr tbi^ am «f tihe nndvaj. 

gave the quantitj ct m i/mBmgm 

Fire-damp nmed with air im ihtt feiypot^A of 1 to 4 

prodaces diowgiiieK wben laThiM, sad wbtsm inocaKd to i 
to 1, suffocation follows. Whtsk it. oakj fomu ^ to ^ cf the 
whole volome, the flame of the Dteij Lkap iae wiaa e s and 
gradually enlai^es, and becookss somxmtied hj a pale bhie halo. 
or ^ cap," as it is called hf the eofiieck When ^ cr ^ cf the 
volume is fire-damp, the mixtme is faighij caplosi^e; aiid with 
^ a lamp will not bom for want of arpsok. 

The Davy is used as a soil of gange to determine the preKoee 
and quantity by the eollien, and eapeeialh- by the ^ fireman,** 
whose duty it is to eiaminp the coIUcry bi^ore the men enter* 
for gas, as well as to fire their ahota, doruig the day. The lamp 
is held close to the rooi^ and gas is indicated by the blue cap ; 
but the whiter the flame, the quicker it fires; if the flame 
elongates, or flutten, it is gently drawn down wo as not to be 
allowed to fire. If the bump fills with flame, and continQes 
burning, the collier pulls down the wick with the ^ pricker,^ and 
endeavours to extinguish it by plunging it into water, covering 
it with a woollen jacket, or dnst and debris. I£ it cannot be 
extinguished, an exfdosion results. 

A Davy lamp is constructed of paraUel iron wires, twenty- 
eight crossing each other in a square inch, leaving 784 aper- 
tures to each square inch of sur&ce : when the gauze is new, or 
covered with oil, and raised to a red heat, it gives off inflam- 
mable vapour, which will ignite at that temperature, but this is 
only the case when the heat is applied firom the outside, which 
is fdmost impossible in practice.* 

Professor G. Forbes has just described, at the British Asso- 
ciation Meeting at Dublin, an instrument for determining the 
quantity of fire-damp in mines. It consists of a metal tube 
resonator, one inch diameter, and 15 inches long, in which a 

* Other experiments made by the North of England Institute of Mining 
Engineers Hhow that '' an inflammable mixture of pit gas and air, moving 
at the rate of 8 feet per second, will explode against a stationary Dayy lamp 
-without a shield,^ and at 12 feet with a shield, at feet with a Stephenson 
lamp, or with a Clanny lamp. 

The comparative illuminatiog power of these safety lamps, using a wax 
candle, six to a pound, is as follows : — 

Avenifre namber of Umpx re qnir ctt 
to •qtwl a wftx candlo 

Davy's lamp 800 

Ste^Jienson's lamp ..... 18*60 

Clanny^s (glass) 4*26 

Mueseler's (glass) . . . . • 3*50 
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piston elides, and a tuning-fork of definite pitch attJ 
a block of wood, to which is fixed the tube. The tuning-fo 
is sounded, and the tube moved out, until the proper length 
is found, which is indicated by the resonator intensifying the 
sound of the fork. A light gas requiresa longer resonator, and 
the density of the gas can be read off the scale, and two per 
cent, of fire-damp mixed with common air, it is Ba.id, can be 
detected. 

The writer of this paper has recently, in letters to the Timet 
and Colling Guardian, suggested still another means of detect- 
ing the presence and volume of lire-damp. Taking advantage 
of the well-known and, to the miner, disagreeable whistling or 
blowing of gas issuing from the pores of the coal, he has sug- 
gested that a. telephone {or microphone) be placed against 
steady blowers of gas, and that these receivers be connected witli 
deliverers in the colliery office, which might be made to epesk 
to a phonc^raph, automatically worked by clockwork, so that a 
continuousrecord of the quantity of gas evolved from these giv^ 
test points might be kept and studied above ground. 

When it is remembered that the weight of the atmosphere 
balancing 30 inches of mercury Is 2120-25 lbs. on each square 
foot of surface, and that a full of one inch in the barometer 
indicates that the air resting on a square foot is 70-68 lbs. 
lighter, it will be readily understood how a sudden fall of the 
barometer may indicate a relief of the pressure, which has pre- 
vented the inflammable gases in the coal from emerging, and 
which, removed, allows them to pour into the mine. 

The relation of changes of atmospheric conditions to collieij 
explosions have been carefully studied by Messrs. Scott (Me- 
teorological Office) and Cralloway (Inspector of Mines), with> 
the result that 48 per cent, of the accidents might be attributed 
to changes of barometric pressure, the explosions generaUj- 
taking place during the first fall after a long calm, and seld 
until two or three days after the minimum has been reached. 
23 per cent, were attributed by them to the temperature of tbft 
atmosphere, the first hot days of spring being especially marked 
by accidents. When the outside temperature rises, so as to 
equal that underground, all natural ventilation ceases, and if 
the mechanical means provided have not a wide margin, an e 
plosion results. 

A high surface temperature, by reducing the quantity of ait 
passing through the workings, allows the accumulatioa of gae a 
sensitive points ; while a very low surface tem]>eratiu-e, by drying 
the coal dust in the mine, tends to make a mixture which is a 
exceedingly explosive vehicle, even when only one-seventh of 
•JbUMttMtf of fire-damp is present, which is ordinarily e 
^|HHHKair. That Uiia is oi^en a cause of accident, there 
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I he little doubt., and it becomes an important matter for con- 

leration, whether a svstem of watering dry pits ought not to 
9 adopted. On the otlier hand, many eipluBioos take place in 

mp pits, as the Queen Pit, at Wigan. 

Few accidents probably occur from the use of gunpowder 
properly applied, no flame resulting from a shot which takes 
effect ; but when the tamping is defective, from bad workman- 
ship, or from a very hard rock, the shot is blown out like the 
bullet from a gun, fire-damp dislodged by the vibration or 
fall of roof may be directly ignited by the flame of powder gaa 
ii«uing from the bole, or it may be driven by the sound wave 
through the meshes of a distant safety lamp : to the latter cause, 
which has been carefully investigated by Mr. Galloway, the 
firing of the larger number of explosions is doubtless due. But 
the Haydock accident proves that if ever the use of powder were 
discontinued altogether, this class of accident would still con- 
tinue ; for here tlie gas was ignited by the men simply by run- 
ning agiunst the stream of gas-laden air. Many days after the 
explosion, Evans and Clare's place, sis or seven yards from the 
Downall Green Fault, still received so large an amount of gaa 
that, on turning the ventilation away from it, it filled with ex- 
plosive gas in four minutes, or 1,250 cubic feet uf gas a minute, 
and lamps fired on the spot, when 13,60U feet of air piayi-d on 
it. 

In the opinion of the Government Inspector, this explosion 
was not due to the " blower " of gas, but to fire-damp issuing 
from the adjoining old workings, the edge of which was swept 
by the ventilation, aud which it visited first, travelling in all 
300 yards from the bottom of the downcast shaft to the bottom 
of the upcast, supplying 200 men, and 11 horses, the amount 
being ^8,000 feet ; but this quantity in equivalent to a much 
larger amount in a colliery in which gunpowder is used, which 
waa not the case in the Wood Pit. 

By the Coal Mines Act, the inspection of every mine in 
which gas has been seen within twelve monthu has to be carried 
out every twenty-four hours, tefore the men enter, when one 
shift are working, and every twelve hours when there are two. 
All workmen are to be withdrawn when noxious gases prevail, 
and the place inspected. No lights but locke^l safety lamps are 
to be used in places where gas is likely to uccumidate. Gun- 
powder is not allowed to come into a mine in more than 4-pound 
canisters, nor more than one canister to be in one place at a 
time. Iron or steel is not allowed to he used for charging holes 
for blasting. 

When gas has been present during the past three months, 
cartridges are alone allowed to be taken into the mine, and may 
only be fixed by the proper ofGcial, and if a blue cap appear on 



POPUUU BCIEWCE BEYlE-il-. 



be tH^V^H 
Iocs Ttdt ^ 



the flame of the safety lamp, cartridges may only be 
stone drifta, shafts, and places where the return air does 
into any working places, or when no persons are in the mine. 

By the special rules, if a shot mioses fire the place may not 
be examined until t)ie lapse of an hour ; and if, notwithstanding 
adequate ventilation, the issue of gas from the strata is such u 
even to show to the lamp, not actually fire, no shot may be fired 
until the ordinary staff is withdrawn from the pit. Furthw 
than these rules — unless the use of powder and other explosive 
or inflammable substances be altogether prohibited — it appears 
impossible to go. 

The 46th clanse of the Mines Regulation Act, 1872, pro- 
hibiting the use of gunpowder in dangerous seams, has recently 
been supported in an arbitration, i-onducted by Messrs. Higaon 
and Wood, restraining the East Hetton Cool Company ftom 
using powder in working the Harvey seam on tlie long will 
principle. 

In North Staffordshire and Shropshire, Mr. Wynne reports that 
the use of powder in blasting is the fruitful source of explosions 
of fire-damp ; that it shakes the roof and renders it dangeroos, 
and, iised indiscriminately, tends to the production uf snmll 
coal, and the subsequent breaking-up during railway carriage o( 
the large. 

In Yorkshire, Mr. Wardell reports that the Bamsley and' 
Silkstone seama should be worked with the safety lamp 
without powder. 

In Durham, Mr. Bell reports that mechanical ventilation 
completely demonstrated its superiority to the old furnace ; and 
Mr. Wales reports that nearly all the large collieries in 
district have large fans at work. 

The use of gunpowder in working pillars ought to bo dlt- 
couraged, as gas lodges in cavities in the roof, which it is im-' 
possible for a " competent person " to examine, falls of the roof 
constantly occur, and block up the air ways. After a fatal 
accident of this nature in 1876 in the 7-feet coal at the itam 
Pit Main, Wigan, the use of powder was replaced with good 
effect by wedges, invented by Messrs. Dingley and Ackers. 

A fatal accident occurred in the same year, while taking out 
pillars at the Westminster Colliery near Wrexham, through fii» 
damp issuing from an old goaf, igniting at the (xmdlfs used by thi 
men t Naked lights are commonly nsed in a large number 
coDieries in Nortb Wales ; and the district also has the unenvt 
able distinction, according to Mr. Hall, of the largest num1 
of roof accidents of any in Oreat Britain, In Scotland, in 1 
western district, half the accidents of 1876 were duo to t 
In some districts, timbering is done by the men 
« in Durham, by the officials ; but even there 
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jector, Mr. Bell, report* that great careleBsnees is displayed 
by the men in neglecting to examine and prop their places in 
the absence of the deputy, or other officer; but that it has been 
elicited at inquests that the time allowed the collier is not 
EufScient for bim to do his work and attend to bia own a: 

lu the opinion of Jlr. Dickenson, tlie Senior Inspector of I 
Mines under the Home Offict-, " attention to safety hits now been. | 
brought olnMst to nn extreme point. To carry it further would' 
lie impossible witbout making life miHerable." Colliery accidents ' 
of all classes have been steadily decreasing during thu last , 
quarter of a century. 

Though occasionally accidents may ariBe from ignorance or. I 
evasion of the law on the part of some of the staff, there can be | 
little doubt that the large majority of exploaionB are due to 
several conditions happening at one moment, wliich, with our 
present appliances, no foresight exercised or discipline enforced 
on the part of the management, can possibly provide against. 
Just as some of tlie most terrible railway disasters occur to 
railway companies who spare no expense in providing the best, 
rolling stock, the best steel rails, the latest signals, the most i 
experienced staff, through an unfortunate combination of cir- , 
cumstanees, so with the beat managed mines, receiving a perfect , 
and ample amount of ventilation, a sudden outburstof gas, from ' 
a fall in the Imrometer, rise in temperature, and some local 
unavoidable accident in the mine, which would be unimportant 
at any other time, brings about the fatil combination, and a 
catastrophe results. 

No better example of this can be given than the explosion 
on Oct. 11, 1877, in the Wigan 9- feet coal at I'cmberton, be- 
longing to Messrs. Blundell, in which not only were 33 men 
killed by the accident, but my able and unfortunate friend Mr. 
Watkin, with two of his managers, was killed by the after- 
damp, in their heroic attempt to save life. 

The pits are 640 yards deep, and are sunk to the Wigan 
seams, the King and Cannel coiUs, the Orrel coals, the lowest of 
which is the well-known Arley mine, the lowest but most valued 
of the Lanca«hire coal seams belonging to the Middle Coal 
Meaeiu-es. The downcast or Queen Pit is 17 feet diameter, 
the upcaat or King Pit 19 feet 4 inches at the top, and 
18 feet at the bottom; the sides are lined with firebricks, 
and on each side are a pair of railway metals in which run the 
cages, six in number, and made of steel, with the steadiness and 
precision of an hotel lift. The two shafts are connected under- 
ground, and the ventilation effected by a tiuibal fan, 46 feet in J 
diameter, and 15 feet in width, driven by two engines, eitber.o 
which is equal to the work on an emergency,no less than 225,(X 
cubic feet of air per minute being set in motion. The air eu 
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t)ie fan tbrough a culvert, at the top of which tfaeie is a Urge 
eecape chimney with 4 large doors to allow the air to esc^M^ 
should there be a blast, without injury to the fan. 

The accident was doubtless due to a blown-out shot, tlie 
effects of which have been known to travel 300 yards, and to 
blow down a door 80 yards distant. And though a fireman may 
carefully try for gas at the firing point,aQd it may not show in fan 
lamp, when only one or two d^rees below firing point, the dit- 
lodgment by the shot may add that small additional amount of 
gas requisite to make it explosive. In c^i3C6 of this Bcat, it 
appears well-nigh impossible to guaid against explosion bo long 
as powder is used, in any inflammable coals. At Low Hall ia 
Lancashire, the danger is reduced to a minimum by firing all 
the shote at night, which is adopted by Slessrs. Cross Telly's in 
the Wigan 9-feet ; at Park Lane this coal is worked witboot 
powder ; at the Queen Pit, Pemberton, and at the Moss Pit it il 
not worked at all since the accidents at the respective places.* 

Gas is steadily and continually being given off by fiery cods, 
and the more perfect the ventilation, and the less it be interfered 
with, the more easily is it swept away ; at night when the ordi- 
nary operations are not going on, and doors being opened and 
shut, tuba ascending and descending, the ventilation is much 
more undisturbed, and the danger resulting from firing shots 
much reduced. At sight also few lamps arc in the pit, and the 
danger of the flame being forced through the lamp by the sound 
wave is much reduced. Great danger results from the employment 
of inexperienced persons, attracted, by the higher wages to be 
earned underground, from the plough and the spade, who are 
utterly ignorant of the use of the Davy lamp, and each one of 
whom is a source of danger to his fellow workmen. 

The Blantyre colliery is 15 miles from Glasgow, and conaista 
of three shafts, No. 2 being rectangular 16 feet by 8, and 130 
fathoms deep; No. 3, 24 feet by 8, and 155 fathoms deep, and an 
upcast circular shaft lOfeetdiameter, and 127 fathoms in depth. 
Though the mine has only been opened foiu: or five years, 24 
statute acres have been opened out, by cutting levels up the dip 
of the coal, or down the dip, as suited the convenience of working 
best, and leaving pillars 22 yards square, which system is callt^ 
in Scotland " stoop and room," the stoops being the pillars. It 
will readily be understood that the difficulties of properly ven- 
tilating such miles of passage must be very great if not insap- 
erable. Mr. Pickard, the agent of the Miners' National Associa- 

* Five conl-soanis were ventilated f^om these pita, tbe Wigan 4-fMt dum 
Uking 48,700 cubic feet of air; tbe 0-feet, 1G;S00; the King coal Mid 
canntl, 50,680; the Orrel 4-feel, »4,300; the Oriel &-feet »t Arley M»in, 
43,030. 
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tion, who assisted in the recovery of the dead after the explo- 
Hion, reports that out of the 26,000 feet of air supplied to the 
pit, 16,000 travelled in the south part of the mine, and by the 
time it had reached its destination hnd probably lost not less than 
6,000 to 8,000 feet, having to supply air through 756 yards of 
wood brattice and 17 stoppings. 

The men who worked in the colliery at the time of the ex- 
plosion used naked oil lamps fixed in their caps, in a mine in 
which seven days after the occurrence which destroyed more than 
200 men, no less than 60 yards of level was filled with gas. 
Shots had been fired by the men, in the firemen's absence, and 
^be traces removed with clay and sandpaper, and only a dozen 
— avy lamps were on the premises. 

The explosion at Haydock ou Jmie 7 of this year took place 
in the Wood Pit, which has two shafts, 78 yards apart and 243 
yards deep, and both ore on the north side of the Red Rock 
Fault, 'i'he Higher Florida coal at 105 yards, and tlie Lower 
Florida at 118, are worked out. At 217 yards is the Raven- 
head Higher Delf partially worked, from which a tunnel was 
driven through the fault, to the Higher Florida, which is thrown 
down 170 yards. 

The workings of the Higher Florida Mine south are bounded 
on two sides by faults, which are known in the district as the 
Downall Green, north-south fault, and the Red Rock, east-west 
fault, which meet in the highest point in the mine, near which 
was the spot where Evans and Clare worked, the men in whose 
place the gas was. 

Gas also appears to have been evolved fi-om the old workings 
near the Downall Green fault. 

The ventilation came through the tunnel above mentioned, 
and after passing through the workings made its way through a 
special air course, to the North Ravenhead Main Delf workings, 
and thence back again into the upcast shaft, the whole length 
of the air being 400 or 500 yards. Two furnaces in the upcast 
Ehaft at different heights provide motive power. No fans or 
steam jets were used till after the accident. 

On the south side of the fault, the High Florida is 279 yards 
from the surface, 4 feet 6 inches thick, and a soft and freely 
worked coal not requiring blasting ; no powder was used in the 
seam at all, and the Davy lamps belonged to the firm, and 
were kept riveted, and metal-seaJed with their initials. 

To expect that an ordinary gang of pitmen shall have a 
knowledge of the physical laws on which their safety depends, is 
for the present an impossibility, for large numbers of these men 
can neither read nor write ; but there ought to be no difficulty 
in teaching them the provisions of the Act of Parliamen" 
which they as well as the management are by law obliged 
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obey,^ and it would probably be found that acddenta woald 
siderably decrease if no man was allowed down a pit, until i» 
could pass a vivd voce examination in the provisions of the Aet, 
and the management of the Davy lamp. Instruction of thk 
sort should be given by the management at the Bor&ce, and 
followed up under ground ; and the new men should be taught the 
indications by which old colliers can detect the presence of gasi 
by its action on their eyes and nostrils before it shows in the lamp. 

How entirely the collier trusts his safety to others, is showi 
by the 30th general rule, allowing him to appoint two ci his 
number to inspect every part of the mine once a month, bdng 
practically a dead letter, with the one exception, that owneis 
provide annually a report book for this purpose, which is never 
used. 

Apart from personal anxiety for the safety of his men, no one 
can doubt that every coal owner and manager is only too williDg 
to carry out every improvement, and induce every man to guard 
against explosions, when he realizes the terrible struggle and 
almost superhuman efforts that are necessary to clean and reno- 
vate a colliery that has been wrecked and destroyed by such an 
accident, entailing a cost, which with the small margin of profit 



* The following table, drawn up by Mr. Dickenson, shows the good 
results which have followed the inspection of mines — and that, notwith- 
standing the sad casualties in Great Britain in 1877, it was twice aa favom^ 
able as the early years of inspection : — 
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216,217 

2,400,322 

3,102,405 
370.881 
418,088 
512,100 
538,820 
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514,532 
404,38(J 
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310 

318 

388 
448 
468 
526 
602 
578 
613 
572 
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084 

10,018 

10,626 
1,075 
1,060 
1,060 
1,056 
1,244 
033 
1,208 



Sniploypd to 
each death 



219 



245 

300 
345 
374 
470 
510 
430 
551 
400 



The deaths in 1877 being more in proportion than in 1876, it is of interest 
to examine to what they are due ; and taking Mr. Dickenson^s own district. 
North and East Ijancashire, as a representative area, it b somewhat startling 
to find that, out of fatal explosions of fire-damp causing 42 deaths, 6 of 
these accidents occurred in places where naked lights are used : in several of 
these accidents blown-out shots sucked out the gas in the coaL 



now earned in the oottl tnde, means rain to the small propietari 
and no interest on capital to the large* 

That no farther compolaory power can be added by l^idation 
to the powers already existing, provided they were oarried out« 
appears to be a faLCt ; but unfortunately this, with the precient 
8tE^ of inspectors, is not possible, for though the senior officer 
tells us he travelled no less than 15,695 miles last year, and 
was occupied 318 days in the execution of his duties, the 
districts given to those gentlemen are so vast, that Mr, Hall, 
in his evidence on the Haydock Explosion, which occurred in 
his district, tells us, he cannot pay his )X)Utine visit to any 
colliery under an interval of six years. 
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ON THE KADIOLARIA AS AN ORDER OF ' 
PROTOZOA. 

Br ScKflBOH-MuoE G. C. WALLICH, M.D , Ac. 
Contiimrd from jioffe 281. 



It is in the second order of the Rhizopoda, namely, that 
which compriaes the PlugiacanthkhM, Acantkomftrt; TkaUu- 
aicoUklce* and D'u^yochidte, that the first trace of gtmctuol 
advance ia made manifest by the presence of a distinct mem- 
branous or " capsular " covering to the nucleus. The more deeply 
tinted masses, of nhich mention was made just now in tiie 
Foraminifera, though not true nuclei, owe their denser appear- 
ance to the accumuJatiou of the minute sarcodic granules, wbidi 
are more or less uniformly diflfused in the more limpid and Cfdour- 
less portion, whilst the creatures are in tbeir natural state. 
But there is eveiy reason for believing that these granules an 
of the same nature, and contribute to the reproductive procea 
in nearly the same way as the granules contained within the 
membranous capsule, and those present in the sarcod© mass 
exteriorly to it, of the superior Order. But in this case tie 
evolution of a true tltiaue undoubtedly indicates physiological 
advance, and hence becomes a safe Ordinal distinction. 

In those Rhizopods which are endowed with membraDOW 
capsules, it seems probable that nuclear grantile^ and even 8SI^ 
coblasts are able, by some means or other, to force a yray tbrougb 

■ If Hertwig'B observntionH on the CiMotphterida and Sphariamila Knwt 
iiccuntte as tliej appear lo bnvo been carefully made, it is eiideut that Ih* 
whole of theBe reatarkatila composite formii, of course luclndinft the nngla 
exceptional genua ThalatmcoUa, ought to be removed from unoDCat tb 
tUiiiopods and placed — at all events provieionally — with the BeUmot 
(oBBuming that tlieae niultlplj also by uKmpom, fumiahed with dagulla, 
whether eiogle or double), as a distinct group between the Hhiiopoda ami 
the GrrgitrinidtF \ ioaamuch a> neither the diSerence of habitat, iii>r lh» 
m«r« diflc-rence in colour of the Hret)bla9t« of the two families can bu heli 
to be a - - UiMT being kept dirtinct. 
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the capsular vail into t^e psziphraBil i 

SpfuFTosoum and otber iDemlf«E of Utt J 

transit of these bodi^ from vitJus tlie < 

the Bpac« betweeD it and the perforsted a 

almost certain, altiiaogii 1 am not a^ait HixX tbe o 

a 8arcoblast actoallj is tioiiTf« of transii throogli tte < 

has as yet been noticed. But aJtbaq^ it vtrald tAmaa^ y le 

premature to deny tiiat asj pennasent a^testBRa ^dat ia it 

simply becaoae tbcy ittf «Br vscMS, I am '*"""|^j '■**'"*' 

to suspect that they do «metgt, ami tbat llie onfioea aie im- 

mediately staled vp agaia, umc ao 9aa« wowtiie aoluB oodd 

possibly aooount for tlie jiiaKaoaa- Bat tiala) tteexntaDoe «f 

permanent apeitaree, or 1i» aetnal tiaast of Ae iii»iililii<i, 

despite the abeence of saA, AaU liaT« bets sboi, He vltole 

question must, of course, remais aa epenooe. 

But to return to the argmaenla laaed i^ca &e j >r—wo> of 
the ca[»ule. It is admitted ly tfae aaf poi l eacf " l a a itiiJBadl- 
formatioQ amonget the Badlolaria " (I iBteennie only asMi^vt 
the composife formB ), tliat reproduction may take place : firstly, 
*' by epontaneous fiseiMi or giving off a dngle or a few cap^iles, 
th^ modes of iacreaae haiiiig, however, not been actually ob- 
served, though it is certain that single capsules (however derived, 
whether from spores or &om segmentation | do exist separately. 
The colonies may also be increased by juxtaposition, and the 
mass of an existing colony by the rapid fission of it« com- 
ponent capsules, the foooees taking place centrifiigally in the 
shelled and irregularly in the dielless (sfc) forms. fl«oondly, 
with regard to the capsules themselves, it is certain that they 
may increase by epontaneous fission into two, three, or more 
secondary capsules, and that this process may repeat itaelf 
indefinitely. Thirdly, with regard to reproduction iy sporeft,* 
it is certain that such a process occurs in Acanthom^trn, 
TkcUaesicoUa-, Spfiwrozoum, CoUoapktera, and CoUoioiini, ako 
UOST PBOBiBLT IS ALL THE ItADiOL&RiAKS. The spores ate formed 
by the breaking up of the contents of the central oapaiiln into 
small particles, which become directly transformed into spomf, 
each spore containing a nucleus and /af-granulea, and also a 
crystalline body, when such bodies are found within the capNuIfw 
in which such spojes arise. Each spore is provided with A 
fiageUum, and it is doubtfiil whether more than onf^ fiiigtUyim 
ever exists to one spore." (Memoir, p. 1(57.) 

• It will be eeen that here, an elsewhere, in Mr. Mivftrl'a otwemtlon*, tlia 
terms " looapores " and " Bpores " are both employed in dotcribiii|r tlin repro- 
ductive process in the Itadtolaria. ThU must nucMmrily liind Ui KTi]iilQnn> , 
fusion, even were it possible, whicb it is not, to admit a|K)ra-fonufttion In 
a single fHrnily of the tnie Rhizopoda. 

HEW SEIRIES, VOL. U. — DO. VIU. BB ^ 
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After saying that the contentfl of the capsule may 
ioto variously shaped masses, of various sizes, and t1 
again subdivide into zoospores, we are told that " these differoit 
nets of masseb give rise to two Mads of spores, one set prodnose 
mierosporesy the other macroapores, bodies having dipermtfm 
as yet unhtown functions; but that beyond these diffeitM 
stages no observations have as yet gone, the tnniBition /rom Ik 
zoospore to tlic capsule remaining unknovnu The zoaepom, 
however, have no enveloping membrane, and the j'oung cen' 
capsules are in like case.* If the capsides proceed bora 
former, the Jiadioia/ria so far resemble the Helwsoa ; am 
the processes observed by Miiller, as existing in the young 
closed AcanthomeircE, resembled the procesaeBof such organi 
as ActinoephteriuTu, we should have another approximatii 
between these two groups." (Memoir, p. 168.) 

In submitting tbe^e lengthy extracts I feel, nevertheless, tl 
no apology is demanded of me, inasmuch as it can only be 
perusing them that the inherent and amazing Dnsoundnes 
the Radiolarian arrangement Is to be adequately estimated. 
already stated, it is impossible within my present limib^ to d 
cuss in detail the various points connected with tlie reprodw 
tion of the composite group — the T}udam.ophora as they u 
now designated. We have seen how very freely such expM 
sions us sporea, soospores, microspores, macrospoTes, fiagdU 
spontaneous fission of the contents of the capsuU into aa 
number of secondary capsules, fat-granules, livm-s, cUit 
parasites, alveoli, and " yoking capsuUs which have wo « 
toping membra/ne," have been made use of in describing 
characters said to distinguish *' the group of the lowest ani 
forme called Radlolaria.^ I simply put it to those who 
practically conversant with the Rbizopods as a whole to 
whether any organism whatever described as possesaing chaj 
ters such as those referred to ought for a moment longer to 
retained in any classification of these organisms. As for telli 
us that "if the processes observed in the young Aca/nttumuir 
resembled the proceiises of such organisms as li'i'iiiniijiliiii'iMil 
this would be another reason for approximating the ffMowB 
and Acanthometrce ;^' it would, I submit, be jnst as pa" 
were we to say that if the Acantliometrce or any other ^ 
or family whatever of the Rhizopods (with exception of 
avowedly aberrant Thalassicollidce and Spkwrozoidce), p 
gated by zoospores, microspores, mocrospores, and so forth, 
would be reason for approximating them to the Ileliozoa, 
is these " i/a " which, in an elaborately written essay, make 

* Tliare surely U Botiie " clerical error ' bore t 
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he difFerence between fact and mere gueeswork, and are there- 
ore singularly out of place. 

But despite all drawbacks,'in attempting to advance the Coni' 
^oaite ThaiaasicolliikE into the front rank of the " Radiolaria," 
VIr. Mivaxt has rendered us a signal service by so directing 
attention to them that it has become absolutely indispensable 
jhat the Radiolarian classification should be revised, and the 
proper location for the ThalaseicoU'ulcB determined. Whilst this 
ia being effected it would be well to ascertain whether the 
l^octUucce might not with propriety be referred to the same 
group. It is true that nothing is as yet known of the reproduc- 
tive process of these remarkable and common organisms. But, 
afler all, knowing too little is better than knowing too much. 
Time and patience usually sufBce for the discovery of missing 
links ; but neither time nor patience is profitably expended in 
proving negatiYea, 

As for the " streaming of granules " and the occurrence of 
]>8&u<2i>-pseudopodia imbedded within the extra-capsular sarcode 
of some of the ThalaasicoUidcE,'hoth phenomena are present also 
in NoctiliLca, And, to say the least of it, inasmuch as not a 
SLDgle example is producible of eiidogtTiously projected and 
active pseudopodia occurring within the body substance of any 
true Rhizopod, we have in this distinction a character which 
famishes the very antithesis of an " approximative " bond 
between the former organisms and the latter. 

Mr. Mivart alludes to the discovery by Haeckel, since his 
" Die Radiolariffti " appeared, of the remarkable " Myxo- 
trachia," which Haeckel associates with his " Polycyttaria" or 
compound Radiolaria. Not having seen this creature, I can 
form no definite ideas as to its relations. But I do not hesitate 
to affirm that, if the figure given of it is accurately drawn, 
although it may be a Radiolarian in Sir Wyville Thomson's 
sense, it is unquestionably not a Rhizopod, and that nothing 
could more forcibly demonstrate the purely arbitrary character 
of this classification than the admission of so palpably distinct 
a form, even allowing the fullest scope to Mr. Mivart'a reserva- 
tion that it is " a curious and exceptional form." 

Before passing on to the concluding section of this article, I 
Qiay be permitted to say that it is highly gratifying to find 
from Mr. Mivart's memoir that " Hertwig has strongly insisted 
(as I did fifteen years ago) upon the greater importance of A 
tfuclfor VeaicU as a classificatory character than any characters 
Which can be derived from the skeleton"; (Memoir, p. 173), 
4od that Mr. Mivart " quite agrees that it forms a most import- 
ant distinction, which he therefore proposes to adopt provi- 
sionally, fully bearing in mind that it may hereafter be very 
"Widely, if not all but universally, present in the group," adding 



372 POPCLAB SCIENCE HBTIBT. 

that he "wmild anyhmv vnaJx its presence or abaemx 
PRiuABT character, and therefore follow Hertwig Id separaU 
from Haeckel's ' (7oUi<ia ' those forms which have the iiucl< 
vesicle, and uniting them with the other genera which pon 
that structure into a group VesicvZcUa,'' (Memoir, pp. 173, 17 

After a prolonged effort to satisfj myself an to what 1 
Mivart may mean when using the term " a nuclfar resio 
(kclared by him to constitute a most important distinction, & 
I am constrained to admit that I have given up the task 
despair. Of course it may be that this is another of the c 
vertible terms he so frequently employs, and is identical » 
the *' porous membrane called the capsule," of which we I 
heard so much, which would in that case explain why the U 
nuclear vesicle- was so carefully eschewed in the first thirty, 
pages of his Memoir, inasmuch as it would have been 
avowal of the non-existence of the declared typical characta 
the most important, widely distributed both in the recent i 
fossil state, and most typical (according to the accepted t 
mate) of the Radiolariau families, the Polycystina, of whi 
have been the persistent advocate. But then Mr. Mivart wi 
have had to cancel one of the most important of the strrictv 
characters which he ascribes to six out of the seven great " 
tions" into which he now condenses the fifteen grouin 
Haeckel, and which he embodies always in the three i 
*'No nuclear vesicle." 

If, however, he employs the term to signify the presence a 
vesiciiiAiT ■nucleolus, within the true nucleiia of such fomM 
the AcantkotnstrtB, &c., he certainly appears to tne la 
aseuming the presence of a structure in the Eliizopods, ** 
does not, under any circumstances, enter into any portion oftb 
organization. 

From one short passage in Mr, Mivart's Memoir, this n 
however, seem to be his meaning. For, after referring (ll 
141) to the intra-capsular sarcode of TkalaesicoUa, Thd 
Bolanipe, and Physemail/wm, which genera alone t 
" Alveoli," he goes on to eay that it also '* constanlly c( 
one or both of two sets of slnictures, which structures, aco 
to Hertwig, bear to the whole capsule the relation of 
eimple nuclei or of a a-'mgle complex nucltua to a cell 
further, (p. 142,) that " the complex nucleus is a small i .^^ 
the Bivvnenbldechen or veaicula intima of authors, fonoM 
porous membrane similar to, but more delicate than the i 
itself," But even here a new element of confusion is iDtndii 
by the statement (at p. 162) that "Hertwig considef*i 
capsule of Cotlozoum to he a multinucleate cell or syncj/^ 
■es with i^chneider in thinking that it answers la I 
Ke M/r<so<le of lite Foramini/sr which li^ within^ 
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'Al. He considers, tbeiefore, that * it is !iOT ak obgas,' and 
;rtam1y not ' a gkskbaiitb obsaji ! ' " 

I Bhall DOW proceed to bring these lengtbj, though I tmst 
ot altogether fruitless obeerrations of mine to a close, hy 
letchiug as a sapplement to mj airsngemeut of the Rhizopods 
eneralty, the cla^ficatiou and characters by means of which 
38 principal subdivisions of the POLtCTsnsA, aod every indi- 
idoal comprised within them, may, with a little care, be reoc^ 
ized and identified at any stage of their history, whether in 
heir recent or their fossil condition. (See pp. 374, 375.) 

Order I. Hebfnbuata. — The primary and secondary cha- 
Bcters of tbis order are as follows : — No definite nucleus. No 
xmtractile vesicle. Sarcode without any permanent differentiit- 
Son into endosarc and ectosarc, but consisting of purely homo- 

II HIS, almost colourless, glairy basal S a bcodb, within which 

ttiir particles, representing "formed material^ of more 
lidated testure than the basal earcode, and of which the 
-cJjlasta or yellow reproductive bodies, constituting in the 
^erpjiemaXa, the sole representatives of the nudeu^ which !a 
resent in the two higher orders, are mainly built up. Pseudo- 
odia numerous, more or leas irregular, and forming frequent ^ 
lastomoKes, and exhibiting when projected the characteristic 
tieoomena of pseudo-cyclosis. Both in the Foraminifera and 
otycystiiia, when in an active living condition, the exterior of 
le shells is invariably enveloped by a delicate film of the basal 
«code. Shell or test, in the ForamiuiJieTa, either calcareous 
\d deposited in a crystalline state ; or having a calcareous 
hsis into which are impacted mineral particles selected from 
ithout by the animal. In the Polycyalina, the mineral por- 
iOD, which may rather be regarded as an internal framework or 
eeleton than a true shell, is invariably siliceous, and throughout 
brmed into one continuous piece. (See Explanation of Plate VI., 
■igs. 1, 2, 3 & 5.) 

Order II. Pbotodbbhata. — Definite nucleus present ; nuclear 
aasB presenting a nucleolus, and enveloped in a distinct and 
trm membranoua capavXe. Sarcode somewhat more differen- 
lated in appearance, but only in so far as the granular particles 
Ire, generally speaking, more closely confined to the central 
fegion. Pseudopodia never so numerous as in the HcrpnancUa ; 
■lore rigid and tapering, and only rarely sending off branches 
|bm one to the other. Keproduction by sarcoblaets ; * which 
|te to be seen in the general nia?s of the body-subntance, and, 
fccasionally, within the nuclear capsule. These are, as in the 
^erjmemata, of a yellow colour. 

In the PlaffiacantkLdcB or first family of the ProtoderTtiata, 
Qe name of which I take from the Plagiacantha aTacknoidea 
' From irdpf ,'fleali, dud jSXdtmj, a growth or bud. 
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of M. ClaparMe ("Monatab." 1856, p. 500) and which is graenlly 
identical in all its characters with the Acantkodeamia^ of Johamun 
Miiller (1858), we have the connecting link between the aili- 
ceoua structure in this Order and some of the numerous abeimt 
varieties of the siliceous framework of the Polycystina. In 
this family the shell is very rarely symmetrical in any of iti 
aspects, being formed (as seen in Fig. 6) of three or : 
straight or branching, and sometimes very friz a rr ^looking 
siliceous rods or bars, united together at one or more points, ko 
as to form a solid piece. Within the rude cavity thus formed, 
the bulb of the sarcode body is sustained, a delicate i 
layei' being, however, as in the former case, extended exteriorly 
over the framework. Nucleus and sarcoblasts as described in the 
general characters of the order. To this family will be found to 
belong those strikingly curious forms in which the tendency to 
unsymmetrical growth attains the greatest limit, and which ate 
known under the names of Dictyospyri-a, Stephanolithia, Clado 
coccus, Stylocydia, and Acanthofies-iida. 

In the Acant/ioTnetrina there exists a much more complei 
generally perfectly symmetrical, and beautiful arrangement o 
the siliceous skeleton, which in all the true Acanthometrw cm 
sists of a varying number of radiating spicules, disposed i 
pairs, and uniting at the central axis of the structure merely )sj 
close juxtaposition of their ciinicul-Bhaped bases. Occasicoiallj 
the spines are blade or oar-like — occasionally furnished with hilt- 
like processes placed at some little distance from their axial 
point of union ; and when these processes so far extend t~ 
selves as to coalesce with those of the spicules next bo than 
they form perforated chambers often resembling those of som 
of the Polycystine Halitmmiata. The nuclear mass is, in tki 
Acantho-metrcE, not enclosed within a mere membranous cfaamba 
but around the point of junction of the spines, which it acoord 
ingly more or less completely embraces and conceals. In tin 
very early stage of AcaiUliometrce, the development of tl 
spines takes place at the centnJ point of the sarcoblast, and 11 
spines as they grow gradually push the investing nuclear c^ 
Bute (which is also developed in a very distinct form at th 
early period of the organism's history), before them, just w U 
finger may push before it a glove-like process of thin iodu 
rubber. In all probability the spines, after a certain time, c 
the rupture of the nuclear capsule, which causes it to '. 
from their extremities in curtain-like festoons. It is extremel 
tough, however, and so hyaline that the structure within, oat 
the nuclear mass is reached, is plainly visible. The sarcobluj 
a re, appa rently, not qiute so numerous in the Acwnthoniftrat 
J^tt^S^vmiinifera and Polycystina. But in all 
l^^^^^^nr are identical 
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It iethe prevalent opinion, origi&aUd bjr Malla, and adopted 
by all later writers without exception, that the tfimea of the 
AcaiitkonuiriB are tubular, and that proceae* <rf the BFOode 
pass through the tubulea and show themfelres at their ^ncea in 
the shape of pseudopodia. This, I have long dnce tried to show, 
is altogether an error, resulting from the high refractive qoali^ 
and thejwjaw/eci/j/siliceousnatnreof the materialof which they 
are composed in thia family alone of the Protodermaia, and io 
one or two curious free-floating Polycyatina ; the illusory ap- 
pearance of tubularity being caused by the longitudinal ribs or 
flanges which are present iu most spines, and when looked at, 
under the microscope, on one or other of the faces upon which 
they naturally take up their position, give the appearance of 
the spines being hollow. Just in like manner in certain genera 
the spines are apparently truncate and cleft in half at their ex- 
tremities by a deep angular notch like the letter V. But so far 
from this being, as alleged by Miiller and others, a cleft, the V 
is formed by the rectangular spines having a small portion of 
their ends cut off from opposite atiglea in such wise that a 
*' kuife-edge " is produced diagonally from corner to corner ; 
the intensely hyaline nature of the material preventing the 
knife-edge being seen, except under the best illumination and 
under the use of very high magnifying power. 

I may remark also that it was long ago pointed out by tne 
that the reason why the spines of the Acanthximetni; which 
al>oimd in the eurfiice waters of the ocean, are never fouiiil in t,li« 
deep sea deposits, is that owing to this imperfectly Hilicmiuji 
character, they become dissolved before they reach thr^ Imttinii. 
This opinion has also been very recently adopted by Sir Wyvill« 
Thomson. (See Figs. 7, 8, 26, 26 a, 26 li and 27.) 

Of the ThalansicoUida, it is unueceMuiry for mn t/i |[lv» 
any further description here than I have aln'a4ly ((Ivmi in lh»i 
body of my paper ; inasmuch as they are, undur any clniiirii- 
stances, a very aberrant groTip ; and any atljriu{(t 1') j)lntiifH llmlr 
characters is calculated, in my upiaioUf rath'-r Ui iijtii'>tuu< Umii 
diminish the difficulties which iturruiiiid tlia liiuti^ry of II»«mh 
lower forms of animal life. 

The DictyockidcE are also an aberrant fkiuJl}, i'l Hit. i«l' nl, 
that their siliceous framework it iuvai'iaMy, f' ■' 

tubidar. It consists also iuvariaUy -A tw> (.■ > ' 
symmetrical and equal-eized babk«t-lik*' (>■■' 
cavities of which the bulk of tJ«- l;'>dy-»ijK i 
and by it protected. A i/UlnjwlM umy U.' . i 

as a symmetrically lormud i'bt.'jMiUii.lh'i. •" 
with this difference, that tl»' irinwiw>jrk I'l ' - 

tubular, like a Bpoiigv Bpiuulv, uud alwAyti ij<ij>|i"..< 'i "i i i*>f 
symmetrical and tiquul ^ic«ow, iuitvad tA ifuti uud^ifutxuli uuJ muvi 
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As the DictyochUlce have often been met with by me in tropical 
seas, grouped together in Qumbere in a common sarcodic matrix, 
and they possess the characteristic tubularity of which 1 have 
spoken, it appears to me that they form the only true connecting 
Unk between the Rhlzopods and the Sponges. 

It has ah-eady been shown by me why I hold that the Poij/- 
oystina — which have of late years been seized upon to help to 
build up the motley group called Radiolaria, are disqualMed 
through the absence of an encapauled and definite nucleus, 
from being placed in any other position amongst the Rbizopods, 
than with the Foraminifera. It is, however, only because they 
have been classified in like manner with the other groum 
arranged under the term Radiolaria, without any further re^t, 
so far as I can see, than to increase the list of so-called genen 
and species, and without due weight being ascribed to their ex- 
treme varietal tendencies: that I avail myself of the present 
opportunity to fixmish a somewhat more complete, though m 
sarily brief outline of their classification and characters than hu 
heretofore been offered by me. 

In the earliest observable stage of the siliceous skeleton of 
the Polycyatina, two very definite and important formations 
take place within the sarcoblast. These, apparently, never vary 
so far as to render their characters uncertain at any subsequeot 
period in the history of the organism. To these two formations 
(in consequence of their extreme value for determinintr their 
typical starting-points), I have given the names of Ompkaloatypi 
and Ovipkalic ckaTTiher. The first constitutes the axis of all futuie 
development of the siliceous structure. The latter constittttci 
the omphalic chamber, which answers to the primordial chamber 
of the closely related Foraminifera. Both are secreted, one, how- 
ever, after the other within the nucleus and peripheral portion of 
the sarcoblast which produces them ; the omphaloatype ooo- 
aisting in the Symmetrical or Cyclodinal division of tie Poly- 
eyatina, of two, or four, rarely more, intensely delicate and 
minute epmeleta^ united at their bases, but upon and around 
the free extremities of which the first little spherical cbamberlet 
or omphalic chamber is secreted, whilst as yet the dimensions of 
the sarcoblast have but very slightly increased ; the second &iid 
each succeeding chamber of the series being constructed on pr^ 
cisely the same plan ; that is to say, by the continuous growtb, 
radially outwards of the spines, and the repetition, at stated 
internals, of the formation of another perforated siliceous chat 

ber ; until at last there exists a series of gradually increaail 

hollow spheres, retained one within the other, and in situ, bj 

the spiucs. In the Non-symmetrical or Monodi/nnl divisioD, tki 

■stype consists of extremely delicate siliceous fifasMi 
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three |ifi'if"''jtf loios wet guDjiee&ed 
a gncefdi ^nxrvE^ uiiil: 'fiBPrsnesi k i. 
t eniiimle ziia mapk-igii tPF- nijii i uliu g iiati ic iiBAdaxrliafaiiAi. 
From tfe is&aoL uoBssBh d^ii»tlmmL'b»t -nesmnAianaaap^^ 'fixsQ 
or omptttSc AHnflaar xaaaiBttBTHiif ofiitt'JbiiMljiMiui^iinenfM; 
all saiBEf^nain ^rnw:& mc ^BsenaiiiL if 'dot sQiisefini' aaaeeml 
fAlrrng nftaot mihr j r uiL "^tt- Xiiuu or tJBBsnug of *^if isiiniiifii-^i&^ 
firamevork. ni* TnnLkr lir^ juum dsnuies map Ik- pnidiUNi&» 
As alfcwh* fltsKE^ itam^ i^ TnflinifnniB T i gnnakng sii£ i^ miK 
phaUe cftoBD^ifis i£^At inSndamiL -axrau^unn i^ ^fdink- if i^ 
Polycftiimm '^w fnmwc fdnkz «iuEiaz±aL i^ psHac samudibiti^ 
remain coasfiaut bii£ cifflHrii iiuidfe tn t^mt Imbu iu> maxaes* Ikiv 
exubeEant or •cvcni suntf&nnff i3it ^nvwi^ msx, jai£ dues: ^iwnr 
often, beooDUi. ii s i^m- nTHyAnZic Aemimr^ sia i^ dhua^Kr 
formed sabfagnantihr -O; it. -a^mdi ioPDv vox iroquaait \mtm 
described hw ^mtea. miiit Ib:^ sbbd idkem imiiwiddcd xa lii^ iiMBi-- 
tnaspucBt 6mi mapenAb^mSai: saudmc# and mmaUmbtf <{ ittt 



' groath wioA Trng^^ Trnder a eurmmi linr^ he i«|«aid«d 
coeptioDal ; Bmodhr, in iSioBe mmiplftf in miiidi tbe m^tfu^v 
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ren in tliese fcims, aiMl in f<nns in viiidi ve me<il with an 

plans 



organism had ran rioC from dieer embeiance of dexf lopm^nt 
which sorroonds the eentzal or normal portion by a n<Kwork^ or 
interropts (me plan of growth and akeniates it with anothfir^ a» 
if donbtfiil which woold suit it best, the omfJMl^^st^^ and 
omphalic chamber remain to the last, and furnish ii» with 
the most oonclosiTe eridenoe to be had, that in naming tho> 
nmnberlesB varietal forms which these beautiful stniotufM in- 
stantly assume, any number of cabinet specimens may bo idon- 
tifiedy but not a single step will be gained in our knowledge of 
the causes which pioduce tiiem. 

EXPLANATION OF PLATE Yl. 

I^^.—Thete fyura are aU man or leu dioffpammatic, and meant anlf f&r 
the purpose of iUuttrating the mainpoinU in the accompanying paper, 

Fio. 1. IMerhuknia, (Clap.), showing the central mass of naked aaroode, 
the peeudopodia being omitted for want of room. The object of 
this figure (which is a rough copy of OlaparMe's) is to show that 
in the original^ tarcobloits are distinctly yisible. As they are 
not yellow in this g^enus, Olapardde would seem to have fiokd ^ 
recognizing them as the representatiyes of his ''yellow oaUs ' 
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i, 2. A msBB of aarrode in the chamber of a FowuDifer, » Glolugoiiw 
ebeU, esMUtmg sorcoblaBts. 2 a, a detached eorcoblB-sl sees 
without focussing duwQ ta an uquatorial plane. 2 b, ehowio^ 
the same with the central nucleus uf clear basal aarcode, aa sean 
when the focuseiiig is so adjusted ae to show the equatoiial plane. 

, S, The chambers of a Rotaline shell liUed with barcode, nud containing 
snrcobhisla. 

, 4. A JTaliom'iia (a Polycystine) showing the nuclear sarcoda aggre- 
gated around the int^tmal chambers; and sarcoblasts between 
the nuclGar mass and the inner wall of the outer foraminatal 
spherical chamber. 

, G. A brolien shell of the same, Bhoniiig the dispoidtjon of the omphnlic 
chamber, aad the second and third chambers; the spines; and 
the sarcohlaBts within tlie sarcode. 

., 6. Acanthodemtia (Mtiller) shewing the irregular character of the 
siliceous framework and the relative position of the sarcode and 
aarcoblasts ; the nucleus being ' in the second Order ' enveloped in 
a distinct membranous capsule. 

,, 7. Aeanthometra — iUustrating the radiate arrangement, and aziitl 
point of union of the spint's at their conical bases ; the maittu 
surrounding the buses of the spines for some distance, and tiui 
nuclrar captide (which in the early state of the organism, 
closely invested it) being now pushed outwards in every dij«ctia& 
by the growth of the spines, and probably pierced by tlum> 
The sarcoblasts shown in the mass of the sarcode williin, 

I, 6. A young Aeanthometra, showing the nuclear capsule alrotdj 
apparently pierced by tbe longer spines, and push^ outwaids in 
other directions by the aeries of shorter spines. This is the con- 
dition which the young AcmUhumetra usuaUy present. Hw 
Ttudeia is not represented, being at this stage of the 
growth scarcely viuble, both from its rainate 
comparative absence of colour. 

I, 9. A separated siliceous chamber of one of tha comporite Ckttv 
tphtcnd^ — the perTorationa on which give it, at first right, tlH 
appearance of a Polycystine shell. Within is seen Ilie maann, 
often richly coloured, nucleus, its nucleolus, and its iarailais 
capsular membrane, with sarcoblasts in the sarcode between tlw 
capsule and the wall of the shell. 

„ 10. The uliceoua structure of Uictyocha, as seen from above; tba 
twin siliceous framework being very Guoily indicated beneatL 

„ 11. Diagrammatic outline of the two beaket-ahaped, twin 'patta, 
which enter into the structure of each living Dicttfo<Aa, tfa 
iiueleut, nuclealu4, memhrimoiM capaiie, enveloping sarcode, ud 
tarcoblatU being shown also. 

„ 13. The mrcoblagf of the Potyeyttina, a, HS seen in an axial plane, !■ 
order to ahow the point of union at the immediate centre of tha 
epinelets which constitute the mnphaloitype of the ntrfrAwrf 
diviaon ; and b, the appearance of the same trom above. 
" t. A sectional new of a Hatiomma, ahowing a tpharodinat mnpli*' 
iottypt 1 the ompAtUie chamber around it, two incceeding ehmia- 




OH TflS MAWKLUBUL MS MS OBHB OT IMR BOHHOi^ SSI 



asd the 

the eompleciaK of a 
Fig. 14. Seetionl wv<if< 

empUie iimmhtst du«m as i&i aasn^ Mok tfiBflB foj tc l ed 
from H obIt ia oae axiil pfaas: the peripbanl cpiiHS taking 
theb ziae ahofc^er froB the cxfeenal ffai&ee of tfcaaUL 

,, 15. Sde Tiew of rTiftriawt | IT f i (Milkr>, ooe of tha DMo- 
dimtd RTies, abuviv ika ialciiiiptad giowtk of tha axtcnial 
chamber vhick it alvajs man or las eompreand. An intanial 
chamber is seen within the oafter one, and two i|inee extending 
from its long axik Of eomae in this the oay4e/jrfy|M oonld not 
be icpie a ente d. But if aaen, it woold inTariablj be of the per- 
fectly lyhefical fonn dmadeiietie of tiie (\fdodbmi diTiaion. 

yy 16. A HaUomma — ahowing the second chamber — ^within which is seen 
the spherical nw^kai ie chamber, and the fonr spines. From the 
long axis of the shell, two of the delicate internal spines are 
shown snddenlj inciearing in massiTenesB. This condition is 
of yeiy fretjiient occurrence. 

,j 17, 18, 19 are yarioos beantiful and not uncommon kinds of radiate) 
Attrtmrnutta of the AetmodmMi series, in which the growth of 
the stmctores, (owing to the almost endless number of rarieial 
and orerlapping forms they assume) appears after the formation 
of the omphalic chamber and the one succeeding it, to divnrgft 
from the primary plan of growth in almost any direction. 

„ 20. A not uncommon Polycystine form, met with at tho surfii';«t of 
tropical and subtropical seas, in which the shell is mt irfi(i<rffiir;ily 
siliceous as to yield to pressure, and sometimes nftm Ut )ttuumm 
distorted without fracture occurring. The maUrrial, ||//w«rv»r^ 
is not at all highly refractiye, as is the case with i\t*9 A^'M$tiU*t- 
metrine spines, 

„ 21. Bepresents another not unfrequent Polycystine mImiII fr*mt i\tM •^$m 
seas, but which is perfectly siliceous. Whiithitr i\mm iw* Ui«i 
represented forms are as closely allied as ihsry a|r|^ar 0/ f^^ tfuith^A 
be determined until the animal of the \m\mrUit'i\y kUU^/m t^ffm 
shall haye been carefully examined in a f^'Mtti dia<A 

„ 22. Pterocanium — one of the Monodinal mntm a «^ t)«rw^ c^/«y)#^ 
the spike-like spine, the rudiment */f m\t\t'.h wha t^tpuM-4 «^ i'^ 
apex of the omphahttype ; and hsu tnti^'M ilMkrr# 'rtt\^ htA.:pK^t«AA h* 
thickness and length. The tmvphUu: ^)#*//#U*# %• at^t 0*4^/^*4^ 
it, but) of course, yery greatly ^MUfft4*i4 f/*iiiint^^ }$4 4}mM^^/*^ 
and thickness. 

„ 23, The same as seen from the Um*fr Mtr^t. '1)^ ttyn^^^K U m-wa^ 
frequently almost as )a9^H «i iM 44Mm<!^ f4 Mm; 4**4^ ^ <A<V 
point, but occasionally, a* lo tAMr ep^^MMt^ 1^*^*4 ^ ^ 4^^^^^- 
of mlex has gone tm mttXi fhn mAu ^ y »to<ffc> t^nf/ Mk kf0lf 
than the mTTfmndtiH( jm^^n^^m U^ wm iMC 
^„ 24. Giyes an enlanred tmtw ^ a Mmtif^ 
occurs in the i&ynn liifMtsA te tfw I 
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Fies. 25, 26, and 27 give diagrammatic bat cozrect tranarene sectional 
views of common fomifi of Acanthometrine Bpnes, in order to 
ahow the ribbed or flange-like atructore which engenders the 
appearance of tubuLirity in these spines, in consequence of the 
rib or flange-like portion extending longitudinally along the 
centre of the spines. 
f, 28, 28 a, and 28 5 are diagrammatic representations of the tnincate 
Acanthometrine spines, presenting the split appearance, 28 h 
showing the aplit when the object is not viewed under a 
sufficiently high magnifying power, in a smtaUe medium, or 
under imperfect illumination. Fig. 28 shows the same, when 
proper definition is secured. 
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THE EUCALYPTUS GLOBULUS. 
Bi M. BETHAM EDWARDS. 

[PLATE Vni.] 



IN one of the stormieat years on record, 1792, when the 
French Republic was proclaimed, the unfortunate Louis 
XVI, arraigned before the Assembly, and all Europe armed 
itself against France, a momentous discovery was made by a 
French naturalist named Labillardi^re, A few years earlier, 
a grand scientific expedition had been started under royal 
auspices and the direction of the famous navigator La Perouse; 
but as nothing had been heard of it since 1788, the National 
Assembly dispatched two ships in search of the missing vessel. 
Thus came about the discovery of the now famous Eucalyptue 
globulus. The fever-destroying, health-giving Australian Blue 
Gum Tree, or Eucalyptus, destined three generations later to 
transform miasmatic plains and fever-breeding marshes into 
beallfafiU resorti, to alleviate moreover some of the worst ills 
which flesh is heir to, and further to open countless sources 
of wealth and industry, may be regarded as an offspring of tho 
great French Revolution. Very probably LabiUardi^re, with 
the prescience of true genius, foresaw many of the important 
results of his treasure-trove, but all were far beyond human 
sagacity to predict. Could he in spirit now transport himself 
from one Eucalyptus plantation to another — from Algeria to 
Ceylon, from the Cape of Good Hope to Spain, from New 
Zealand to the Riviera ; could he compare the aridness and im- 
healthfulness which had been with the verdure and salubrity 
DOW existing, he might indeed feel a thrill of pride and gra- 
titude for the benefits conferred by his agency upon mankind. 
Could he know how the ships now crossing each other on the 
great ocean highways transport precious bales of Eucalyptus 
eeed to all parts of the world, destined to make far-off wilder- 
nesses blossom as the rose, he might indeed exclaim in the 
words of the Roman poet : — 

Quia Kgio in lerria nnstri noD plena luborisl 
LabiUardiSre thus describes his discovery, made in Van Diemen'e 
Land, on May 12, 1792: "The Eucalyptus, one of the loftiest 
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objects in nature, only bears flowers towards its lUQinit. 
ia suitable for purposes of naval construction, and would 
for masts, though not so light and elastic as that of the pine. W« 
were obliged to fell one of them in order to procure the flowers. 
The eun wag then very hot, and the sap rose to the surface 
abundantly. This handsome tree, of the myrtle tribe, has a 
thin bark; the branches curl a little in shooting upwards and, 
have alternate leaves, slightly curved. The bark, the leaves, and 
the fruit are aromatic, and might be substituted for those of 
other trees hitherto supplied by the Molucca islands." He 
named the tree, then known only as the Blue Gum Tree, Euca- 
lyptus globvlua, evKoKinrros (meaning, in Greek, well hidden), 
from the shape of the calyx; &ad globulus, (Lat., a button), from 
the likeness of its fruit to a coat-button. 

When we consider the stately height of the Eucalypti 
need not wonder that it attracted Labillardiere'a atJ«ntioii. 
Specimens have been seen lofty enough to tower over Stras- 
burg Cathedral and cast a shadow on the Pyramid of Cheops] 

Visitors to Kew, perhaps, seldom pause to study the tallf 
slender, bluish-green trees so conspicuous in one of the glav 
. houses, or imagine the important part they are destined to per- 
form in the history of the world. To see them in full glory we 
must visit Tasmania, where these giants of the forest world 
surpass in height the towering Wellingtonias of California ; but 
along the coast of the Riviera, in Spain, in South Africa, and 
in Algeria they cannot fail to attract the attention of travellen. 
In England very few experiments have been successful, thon^ 
occasionally, as in gardens at Dulwich Common, are seen SouridH 
ing young trees of a year's growth already a yard in height. Thi* 
is to be accounted for by the mildness of the late winter seasoQi 
When planted in glass houses they spring up with such rapidity 
that none are lofty enough to hold them, and every year thqr 
have to be lopped, to the great detriment of their general ap* 
pearance. Opinions vary much as to the beauty of the Eucalyptus. 
Whilst some writers enthusiastically extol it, as one of the mod 
conspicuous ornaments of the vegetable world, others consider il 
as acceptable only on utilitarian grounds, and having do daim 
wbat«ver to comeliness, much less grace. A mean is t^ be drawn 
between these two views, the Eucalyptus having certainly onU 
ward attractions, though in far inferior degree to the elm, the 
oak, and the birch. The flowers of some species are particiUaHf 
lovely and the seed-vessel very curious. 

Madame Bodichon, writing in the Pali Mall Gazette, tbin 
describes a young Algerian -Australian Eucalyptus forest visital 
in 18" 4: "On M. Trottier'a estate at Hussein Dey we walked 
under tall trees on an average fifty feet high, which, seven yean 
ago, were planted wU^i seftia liQt w>\>\%«&a.-c&\utard-seed. Tfak 
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ticular plantation was on bad soil, and had not veeeived any 
eqierienced care,yet the growth of the trees was truly marvellous. 
Id this evergreen wood ail round ua were tall, reddish, smooth 
stems, with the bark hanging down in a ragged, untidy manner 
— for the tree sheda its bark in winter — and grey willow-like 
leaves waving on flexible boughs. Foi- about twenty-five feet the 
stems of the trees in the inner part of the plantation rose up 
with no branches at all ; but in the out«r part of the wood the 
trees sent out branches in the hght and air nearly touching the 
ground. It produced a curious impression to walk in the dim 
twilight of ttua Australian-African forest, and to think that this 
was also a wood of the Miocene period. Beautiful i§ not the 
word I should apply to its appearance ; but, in exchange for 
bare, sun-baked earth, or deadly swamps, I must say these 
Eucalyptus forests are most gratrful, and the smell delightfully 
refflnous, warm, and gummy. The multitude of birds in the 
hisnches and their busy twitterings added much to the pleasant 
impression. I measured these trees as I walked along, and found 
them forty to forty-five inches in circumference ; those on the 
borders of the wood always, of course, a few inches larger. The 
flower of the Eucalyptus tribe is very like the myrtle flower ; it 
is full of honey, and attracts a multitude of flies and bees ; and 
the birds naturally follow, for they find not only food, but 
thick, warm, leafy cover in winter, and shelter from the burning 
Bun in Bu mm er, Some species of the Eucalyptus have large 
and very beautiful flowers; we noticed with delight the gor- 
geous, red, and staminous flower of the E. tidraptera bursting 
the pyramidal top of its square-sided flower-box." 

An interesting communication regarding the Eucalyptus in 
South Africa has been forwarded to me by J. Mountfield 
Bennett, Esq., of Mountfield, Sussex : " I have often seen the 
Eucalyptus globulua in South Africa. It does not do well on 
the coast, as has also been found in Jamaica, where it was only 
introduced six years ago, and trees are already found there 
sixty feet high. Up the country in South Africa, fifty miles N.W. 
round Pietet-Maritzburg, we find it growing to perfection. There 
aie plantations of it all over that district. I was staying for 
six months at one of these, the property of Mr. Simmons, Secre- 
tary of State, who has twenty acres planted with trees. The 
great drawback to cultivators in South Africa is the liability of 
Eucalyptus plantations to destruction by fire when the grass 
is biunt, wMch is done once a year in the Velt. Round every 
Boer's house you may see this tree growing from a great distance. 
When one is lost, as I know from experience, it is the gladdest 
sight s sportsman can see, their dark foliage always assuring 
him a night's lodging. Through the Transvaal the housesalways 
have a few of them round the gardens. 1 may aA4 MK^X-Sl^-Sa 
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said this tree never grows in South Africa from the 
ping in a natural way ; it must be gathered and bowd, and 
planted out muBt be put in tlie same kind of locality in whicb 
it grew in the seed-bed." 

Li a photograph of Pieter-Maritzburg before me it is ea«y la 
distinguiah the young Eucalyptus trees from the peach and other 
trees growing so plentifully around the snug-looking settlers' 
houBes. They shoot upwards, like the cypresa, with a slender 
stem, and in the photograph have a curiously artificial look. 

The weird majesty of a Eucalyptus in its native land is ^ow- 
ingly described by the accomplished authorg of " What ws 
Saw in Australia." They found in South Australia little 
variety of foliage except the gum trees, red, whit«, and blue; 
these, however, vary so much in difl'erent periods of growth, 
in different positions, and under different lights, that they pro- 
duce very nearly the effect of stone pines, firs, elms, oaka, and 
especially willows. Isolated trees are found as handsome io 
form as otu finest oaks and elms, which look dwarfed by theit 
Bide. When an enclosure is cleared the trees are " ringed," 
i.e., stripped of their bark, in order to facilitate decay, and tlK 
aspect then presented by them is sombre in the extreme. " We 
often," write our authors, " passed these strange plantations; 
and if there chanced to be a leaden sky, throwing the skeleton- 
Uke branches into strong relief, or a heavy rain blurring and 
blotting out the gaunt outlines, it was difficult not to believe 
that we were among beings of another world," The blue gum, m 
E. globuluB, ia not yet abundant in South Australia. The red 
gum tree makes excellent fuel ; the white bums, but gives Utile 
heat. 

The genus Eucalyptus belongs to the order Myrtaces, and 
numbers about 1 50 species, of which about fifty are being natv 
ralized in Algeria. Leaves of a certain fossil species have becB 
discovered in several places in Switzerland, the beds belonging 
to the Miocene epoch. At Monte Bolca, in North Italy, three 
species have been discovered in strata of the Eocene epoch. So 
far as is yet known, no trace of the genus Eucalyptus has heeo 
foimd in any part of Britain. 

The' best descriptions of Eucalyptus globulus are to be ioxoA 
in Sir J. Hooker's " Fl. Tasmanise," vol. i., and in Barou Miiller'i 
" Fragments Phytographiie Aiistraliee ; " but such accoimts of 
it as are to be found in Bentiey's " Handbook of Botany " and 
other works of the kind will suffice for the ordinary re&der. 

A long gap follows in the history of the Eucalyptus &R0 
Labillardi^'s discovery, only occasional specimens attractii^ 
the notice of arboriculturists, who often cultivated them without 
knowing what they were. In England, otherwise so abundantlf 
supplied with Bpecimena ot ^i^e K\i&U^^-&%»t^wi attentios 
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it till within the last few years ; and in a glass house 
ging to the Botanical Ma'ieum of Paris, so late aa 1654, a 
[uen was exhibited under a wrong name. In Tasmania, on 
ontrary, its divers uses and economic properties were early 
iciated ; but the real history of the Eucalyptus dates from 
foundation of the colony of Victoria, about a generation 
1 half ago. The learned director of the Melbourne Bo- 
al Gardens, Baron Miiller, German by birth, Anglo-Australian 
ituralization, whose name will ever be associated with that of 
Eucalyptus, first set to work on the noble task of propaga- 

6ading in M. Ramel, a French merchant, an equally zealous 
»e to the same cause; and it is mainly owing to their con- 

efForta in the first instance that this anti-febrile tree, par 
',ence, is now spread far and wide. M, Ramel happened to 
Australia on business, and noticed in the public gardens of 
ourne a conspicuous young tree, of wiiich he knew neither 
ame nor the family. " But," he writes, " I was struck by 
igance, and it became straightway an object of interest to 
I^He carried some seeds back to France with him, which 
B once planted, and the extraordinarily rapid growth of 
pdlings excited no little curiosity. In some case^ they shot 
ids at the rate of a yard in a few months, wliile their graoe- 
uish-green foliage made them agreeable additions to public 
ms, M. Ramel, a man of business and no botanist to begin 

addicted himself to the Eucalyptus with an ardour only 
in scientific research. He studied it under all its aspects, 
iredicted the grand part it was to play in the economic 
ry of the natural world. As one of his friends has written. 
ilieved in the Eucalyptus as optimists believe in the final 
iph of good over evil upon earth. In imagination he saw 
ilaius and marshes of Algeria covered with plantations and 
;s, fever and malaria disappearing, climate and soil under- 
l wondrous transformations, happy populations flourishing 
3 fever, pestilence, and ill-rewarded toil had hitherto deci- 
d the pioneers of civilization. And, fantastical as tliose 
OB seemed to others then, they have in great part come 

as this history will show. Baron Miiller and M, Ramel 
,heir shoulders to the wheel, and from 1862 the planting 
e Eucalyptus was vigorously carried on in various places, 
)Iy in Algeria. At first saplings were trant^planted from 
'ardin d'Acclimatation, but it was soon discovered that 
rawing offered the quickest and surest means of propagation. 
i, therefore, were sent by Baron Miiller in great quantities ; 
A, Ramel found active coadjutors in MM. Trottier, Cordier, 
ehon, and other leading colonists. The name of the dis- 
"ihed botanist Durando will ever be associated also with this 
rerk in the coiony. These gentiemeTS bootv coti-sSsfis^ 
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themselves that not only did the Evxalyptue globtdita ofler 
Boiirce of indugtrial wealth to the colony as timber, but also, t 
planted on a sufficiently extensive scale, a guarantee agains 
the hitherto invincible enemy, malaria. How assidoously plan tin|i 
was carried on may be judged by one fact. In 1 862 not a single 
seed had been sown in Algeria, whereas at the present time w 
find there many hundred thousand trees, two millions having 
been sown and planted in the colony altogether. Large numben 
have died in their early state, greater care being then requirea 
than was always given; and the Arabs also are very destructi™ 
to the young plantations, the women and children often hnak' 
ing and mutilating the trees when in want of brooms or branchea. 
These trees vary in height from fifty to sixty feet, and in soma 
cases liave been known to grow to a height of thirty yards in 
ten years; two yards a year is no imusual growth. Individual 
efforts, however, could not have brought about such lai^ re- 
sults, and the Algerian Government, as well aa public compa- 
nies, have seconded them in many districts. It was found that 
wherever the Kucalyptus was planted abundantly, sanitary con- 
ditions improved, so that alike a love of science and hnmanttjr 
stimulated the work. 

Many species have been and are being daily tried, but st 
present the large plantations consist principally of the Euccdyp- 
tiia glohvXuB. The species E. colosef, which is a hardier 
tree in the sun than the E, globulus, flourishes in the desert 
at Laghouat. These fragrant Australian forests in the midst o£ 
African deserts now form one of the marvels of Algerian travel; 
hut during my two visits eleven or twelve years ago the v«ry 
name of Eucalyptus was only familiar to a few savantSy and not 
a single tree was growing on large tracts now green and um- 
brageous with the familiar bluish-green foliage and slendei 
branches. 

But not in Algeria alone has the work of propagation 
vigorously carried on, though the French-African colony may 
be regarded as the adopted country of the Blue Gum Tree. Oi 
the coast of the Riviera, in the South of France and Spain, in 
Corsica, in the jimgles of Ceylon, in the Transvaal, and othei 
parts of South Africa, as also in Jamaica, the Eucalyptus has b^ea 
planted by the arboriculturist or the colonist, and always with 
the Iwst results. A year or two ago very interesting letteri 
appeared in a Coyion newspaper on the effect of Kucalyptus* 
planting in the jungle. Wherever such experiments bad beea 
carried on to any extent jungle fever showed a perceptihtfl 
tendency to diminish. Its introduction into Valencia is dufl 
to the combined efforts of M, Ramel and a countjyman of oiB 
own, equally indefatigable in the same cause, Mr. Wilson. At tha 
timeof a journey made b^lhcm in S^ain the malaria was tagiogi 
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Many trees were planted in the most nnhealthj spots ; and their 
Talae was eo soon recognized by the peasants, that they would 
Bteal the leaves for the purpose of making decoctions, and called 
the Eucalyptus Varbre a la Jiivre. Now single trees and plan- 
tations are found near Seville, between Seville and Granada, at 
Granada and Malaga, also near Lisbon. Nice, Monaco, Hy^res, 
Cannes can now boast of their Eucalyptus plantations, especially 
in private gardens, where they are highly ornamental ; and the 
Koman Campagna, that hotbed of fever, might without doubt be 
considerably modified if planting were undertaken on an ex- 
tensive scale. Hitherto in Italy little has been done, though 
Garibaldi and other leading men have greatly interested them- 
selves in the subject. The Trappist monks in the Campagna, 
liowever, have sanified their immediate district by extensive 
Eucalyptus plantations, which they proudly show to visitors, 
atating that formerly they were constantly being stricken down 
by malaria, whilst now it is almost unknown. Again, a little 
railway station in the Var, near Cannes, was at one time so 
terribly imhealthy, in consequence of miasma, that the station- 
master had to be changed every two years. Eucalyptus trees 
have been planted in considerable quantities round the station, 
and now it ia no longer necessary to make these frequent changes. 
It is proposed to try Eucalyptus plantations in Cyprus, and we 
trust the scheme may be carried out. 

Among ourselves efiTorts to naturalize the Eucalyptus out of 
doors have almost always failed ; and the curious must visit the 
glass houses at Kew to familiarize themselves with this famous 
tree. The cold English winters and springs kill the saplings 
even in sheltered situations, so that we may hardly hope to see 
Romney Marsh or other aguish tracts metamorphosed after the 
manner of Algerian plains. The Eucalyptus requires as mild 
a climate as the orange, its zone having now been pretty accu- 
rately defined by botanists. 

It is hardly necessary to remind the reader of the sanitary 
effect of trees or the unwholesomeness of treeless wastes. All 
who have travelled will recall many instances in point — Madrid, 
for example, wliicb, in consequence of its arid environment, 
possesses one of the unhealthiest climates in Europe. Again, 
in Corsica the same physical conditions have been brought 
about by hiunan interposition, the once fertile plains of Niolo 
now being completely denuded of trees, to the great detriment 
of its inhabitants ; whereas in the sixteenth century the whole 
country was covered with woods and forests. 

In Italy the destruction of forests in many places has been 
followed by the scirocco. Professor Ansted cites in one of his 
works the example of a pine forest near Ravenna. The forest 
was cut do'— -nd the hot wind immediately aVpeKiei-, \\.'«%& 
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replanted, and no more ecirocco ocourred. The miEtral, in thi 
South of France, which did not occur till after the clearing ol 
the Cevennes — the iinhealthineBS caused in Alsace by the feUing' 
of trees on a large scale^the aridity of Provence, once the 
garden of France, due to the Bame causes, are all cases in point. 
At the time of the Revolution, writes Michelet, began a 
general destruction of forests in France. Trees were sacrificed 
for the most trifling uses. Two pines would be felled for the 
making of a pair of saboti^ ! Some curious statistics are giren 
by another writer on the effect of trees upon population, it 
being shown that in some departments the population has 
steadily decreased since the clearing of the forests. So Iftta 
as 1853 the prefet of the Basses Alpes wrote officially: "If 
prompt and energetic measures are not taken to prevent this 
destruction, we shall be able to foretell almost exactly when the 
French Alps will become a desert in consequence of this iooo> 
clasm." £ut no instance is more striking than that of Algeiis. 
At the time of the conquest the whole of the Sahel and a gnat 
part of the Metidja were covered with wood and scrub, which 
not only prevented undue evaporation from the earth, but also 
acted as a condenser of moistiu^, causing refreshing dews and 
rains. The destruction of forests, dating trom 1845, has mate' 
rially changed the atmospheric conditions in those districts, and 
nothing but ignorance, cupidity, and fanaticism can account for 
the wholesale forest-burning still witnessed in Tunis and Al- 
geria. The Arabs are persistent incen diarists, partly because 
the system enters into their notions of agriculture, but chiefly 
to spite and injure the constantly widening circle of European 
colonization. Forty thousand hectares of forest were tbue de- 
stroyed in the year 1865 alone. Now, it has been found by ei- 
perience that the Australian Blue Gum Tree, or Evcaiyptus 
globtdits, answers the purpose of reboisi'vieiit, or replanting, 
in Algeria better than any other at present known, and many 
leading colonists, as we have seen, have brougbi wealth, ocience^ 
and philanthropy to bear on the question. Foremost of these 
must be named M. Trottier, who claims pre-eminence for 
the Eucalyptus, on sanitary as well as economic grounds, 
seeing not only in its anti-febrile and climatic properties the 
surest remedy for malaria, but in the valuable quality of its 
timber a perpetually increasing source of wealth to the coloi^. 
In his various pamphlets, severally entitled *' Influence des 
arbres sur la pluie," " Notes sur 1' Eucalyptus," " RMe da 
I'Eucalyptua en Alg^rie," &c., these matters are fully dedt 
with, and his conclusions may be summed up as follows :— Ite 
results of special observations made by the pluviometer diow 
that forests diuw down a greater abundance of rain than oolti- 
•pen land ; that even mq4«c Vtees vV» ■"■a.tat reaching Uia 
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Boil is larger in bulk than that fa lling upon unsheltered ground ; 
in &ct, that it is by means of large plantations that hot, dry 
climates are moistened and made habitable for Europeans. 
Secondly, M, Trottier brings abundant evidence to prove that 
I of all other trees the Eucalyptus is best adapted for bringing 
I ftbont the physical change so necessary in Algeria, the aromatic 
odour of its leaves possessing strong anti-febrile qualities, 
whilst its timber, bark, and oil open up new sources of wealth 
and industry. Thirdly— and this is a ^ital point in tbe ques- 
tion at issue — it is unrivalled for its swiftness of growth. 
Large numbers are found in the South of France, partly be- 
cause the elegance of the tree and the abundance of shadow 
make it desirable in private gardens, but chiefly because none 
other apringB np so fast. You build your villa, sow your Euca- 
lyptus seeds, and in seven years' time may eipect to see a 
flourishing grove of forest trees fifty feet high. In some cases 
they have been known to reach a height of thirty yards in ten 
years, and two yards a year is no unusually rapid growth. 
There is something extremely tascinating in results so rapid 
and on so large a scale. Here indeed we do not plant trees for 
posterity, but for ourselves ; and, granted favourable conditions, 
with a packet of seeds no larger than a mustard-seed, we may 
confidently look forward to the enjoyment of our forest in a few 
years ; a forest, moreover, not only ornamental but useful, 
attracting the birds and tbe bees, and dispensing healthful 
influences around. Opinions vary as to the manner in which 
these sanitary influences are effected. The aromatic oil or 
essence distilled from the leaves may be compared to camphor, 
peppermint, and other antiseptics, whilst the bark poi^sesses 
many of tbe qualities of quinine. 

A very large number of experiments have been made in sup- 
port of these theories, with almost invariable success, M. 
Trottier cites his own farm as an instance of the anti-febrile 
properties of the Eucalyptus, where, except in two cases, mainly 
owing to imprudence, no fever had occiured since the growing up 
of his plantations. Consul Playfair's report for 1877, quoted in 
the TiTnea, mentions a single mining company having planted 
100,000 trees at Mokta-el-Hadiet. Previously the workmen could 
not remain there during the summer on account of the un- 
healthiness of the place; those who attempted to do so died, and 
it was necessary to convey the labourers to and &o by rail every 
morning. Since the planting of the Eucalyptus the workmen are 
able to live on the spot all the year round. The company of 
military engineers alone have planted a large tract with 102,060 
trees, now forming a flourishing young forest of eight years' 
growth. Algerian travellers who happen, like the present writer, 
to have traversed the plain of the Sig, in the province of Oran, 
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at the unwholesome season of ploughing, wbec the upturaed soQ 
teems with miasma, will not soon forget the fetid odour emanat- 
ing from the marshy ground, nor the doom written on the facei 
of the people. ' The fever ! the fever I ' was the continual cry that 
rang in our ears throughout our journey; and the poor colonists 
begged us for quinine, which we could only give, of course, in 
minimum doses. Twenty years hence this same insaluWous 
plain of the Sig may be transformed into a region as healthJul 
as the high grounds of Sussex or Surrey by means of the 
Eucalyptus. 

To M. Carlotti, a Corsican doctor, we are indebted for a seria 
of extensive and highly instructive observations in this field. 
During a summer and winter when intermittent fever was more 
common than usual in Corsica, M. Carlotti was enabled to 
test fully the powers of his Eucalyptus medicines, generally be- 
ginning with small doses and increasing them after renewed 
trials. The results obtained from infusions and decoctions of 
the leaves were most satisfactory. In some cases the remed 
was more efficacious than quinine even, preventing a rdapae, 
which quinine often fails to do. A fellow-countryman of Dr. 
Carlotti's, M. Tedeschi, was induced to follow liis example, and 
wrote to him afterwards as follows ; " I am like St. Thomas, and 
wished to convince myself by repeated trials before declaring my 
opinion. The results have been entirely satisfactory. Remein- 
ber that I have never used the new medicines except i 
which quinine failed to cure. There have been (ailures and 
relapses, but the number of cures is large enough to place tlw 
decoction of Eucalyptus on a par with quinine as a tonic." 

No less conclusive is the evidence of Dr. Bliergues, of Bottf- 
farik, Algeria, published in the " Science pour Tous " for Januaiy 
16, 1870, wherein he gives a list of cures effected not only ii 
human beings but animals, in the latter especially skin diaeMCt) 
by means of a kind of Eucalyptus tar. For it must not be sa^ 
posed that malaria, ague, and intermittent fevers are the only 
maladies amenable to these remedies. Dr. Sliergues is tli 
author of twenty-four medical preparations, in the form * 
tonics, stimulants, medicaments, plasters, powders, t.^., and ai 
that time many others have been made and are gradually getting 
into use. In the South of France and in Rome it is now a o 
moB practice to put a few dried Eucalyptus leaves in the ligU 
wine of the country as a tonic, and also to induce sleep in font- 
ish patients by placing a young Eucalyptus plant near the fa 
side. In Algeria the medical uses of the Eucalyptus are o 
stantly on the increase.* A few leaves put in a bath of faol 

• See a paper on thia subject, contributed by tie prewiit writer lo 
" Plil Uall Owette •"— " Medical Use* of tlic Euealyptua fflobtdm,' ~ 
16, 1875. 
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water are found to alleviate rheaniatic and nemalgic pains, abo 
the eztr^ne debility following an attack of malaria. Lozengei 
are used for throat and long difipa«e, and there are abo Tarioas 
specifics for other maladies in the form of cigars. As anti- 
septics Encalyptus oils and soaps are exceedingly efficacious, and 
it is interesting to 6nd them making way here. A chemist, on 
iriiose counter I saw some of this most fiagrant soap, at Hastings, 
the other day, assured me that it had been in great demand for 
twelve monthis. It is especially recommended for use in the sick 
room. 

Many specimens of these medical, and also of artistic prepa- 
rations have been sent to me from Algeria, and all are charac- 
terized by a grateful fragrance, once inhaled never forgotten. I 
may mention i/nter alia, the sticking-plaster, tooth-powder, 
toilet-water, tracing-paper, oil for preserving natural and ana- 
tomical specimens, veneer, the list being too long to give entire. 
Naturally it is in Algeria, the adopted country of the Euca- 
lyptus, that these investigations have been carried on with the 
greatest vigour, though in Paris, especially since the Algerian 
Exhibition, held two years ago, much interest has Ijeen excited 
on the subject. We may therefore expect many new and im- 
portant additions to our knowledge of the resources of this 
wonderful tree. 

It has been mentioned that Labillardi^e recognized the 
value of the Eucalyptus timber, which for hardness and durability 
is said to rival teak-wood. When we consider that it attains in 
six or seven years the dimensions of the oak in twenty, and may 
be expected in its twentieth year to furnish such logs of timb^ 
for shipbuilding and other purposes as could not \>e supplied 
by an oak imder a hundred years old, we can understand the 
enthusiasm of planters. Consul Play^siir, in the report already 
alluded to, mentions that when he wished, a short time since, 
to send a Eucalyptus tree four or five years old to England, its 
great length made it impossible to convey it in a boat to the 
steamer, and the boatman decided on towing it alongside. It 
sank, however, in the sea, and divers had to be employed in 
raising it. After it has been properly seasoned its specific gravity 
becomes less, and it then floats in water. The Consul is con- 
vinced that no other culture ofiers such prospects of success, 
provided the cultivator can afibrd to wait some time for his 
returns. 

M. Trottier is the author to consult on this subject ; and 
though his calculations read like the dreams of a visionary, they 
are without doubt based on scientific data. M. Carlotti, again, 
calculates that in planting large tracts in Corsica with Euca- 
lyptus trees, the plantations would produce large profits in a 
few years; and we learn that the annual exportation of Euca- 
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lyptus timber from Tasmania reached, a few years ago, the large 
Bum of 800,000/., which may give some idea of its valae in 
that country. Of course the extraordinary rapidity of growtb 
enters largely into these calculations. 

Next to suitability of climate the soil has to be considerGd. 
Not only does it flourish in marshy grounds and swamps, but, as 
Baron Miiller shows us to be the caae in its native land, in dry 
and arid wastea, thus rendering it equally adapted to the ran* 
baked moimtain-sides and swampy plains of Algeria. The Eu- 
calyptus, indeed, resists the summer droughts, and profits by the 
rains of spring, winter, and autumn, wherever the mildness of 
the temperatiue enables it to flourish. 

Specimens of Eucalyptus timber were seen at the London Ex- 
hibition of 1 862, one of which measured twenty-three yards in 
length, with a circumference of thice and a half. The best 
whalers cruising in the southern seas, are made of Eucalyptus 
wood. It is largely used in ship-building generally, and in 
the construction of railway sleepers, bridges, jetties, viaducts; 
less so in carpentry, on account of the difficulty of working 
it up on a small scale. iSuch obstacles, however, may be 
overcome, and we may hope ere long for a pleasing variety of 
art furniture in the shape of Eucalyptus upholstery. This tree, 
moreover, so productive of solid benefits in the shape of timber, 
abounds in lighter graces,attracting the birds by its ample foUagei 
and the bees by means of the abundant honey contained in it* 
flowers. Formerly the bee was unknown in Australia, but it hi 
been speedily domesticated, in consequence of the Eucalypti 
flowers. Such honey should surely rival that of the far-famed 
Hymettua. The history of the Eucalyptus is, indeed, one of 
those fairy-tales of Science which fills the mind with wonder 
and delight. Here we have in a seed not larger than a mustard- 
seed not only a source of commercial wealtli, and therefore na- 
tional prosperity, but, what is far more important, of the health 
of coming generations, and the amelioration of those pbysicsl 
conditions in which man is compelled to live. Just as, in the 
intellectual history of society, the word may be a lever of im- 
measurable power, lifting the minds of others to higher region) 
of thought, enlarging man's spiritual domains, so, in the aatutsl 
history of the world, the seed is a mighty agent for good, spread- 
ing beneficent influence around, revealing new scientific triumphs, 
bestowing undreamed of largesses on all. 

Whether, therefore, we behold the Encalyptus globuliui in an 
English glass-house, or in the more favoured lands of its adop* 
tion, alike the slender saphng, with its silvery blue-green lesrei, 
and the lofty forest tree spreading abundant shadow, oflTords a 
worthy subject of wonder and admiration. But we must rv 
member that Nature baa ■qjA ia&e ^. Ware it not for Qua 
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^votodness and zeal of the first believers in the Eucalyptus, it 
ight still have remained a mere ornament in public gardens 
id conservatories. AU honour^ then, to those who have con- 
crated their time, thought, and worldly goods to the cause of 
an's best firiend, the tree I 

NoTB. — ^The illustration appended to this sketch (Plate Vm.) is reduced 
le half from an original water-colov drawing by an accompliBhed Algerian 
tist, Madame Marian. 
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THE EXTINCT BRITISH WOLF. 
Br J. E. HARTINO. F.L.S., F.Z.S. 

{Cmiciiidtd from p. 260,) 



HiSTOEICAL EyIDBNCB. — IbBUMD. 

FROM the Bcanty and more or lesa inaccessible nature of the 
records relating to the natural historj of Ireland, compared 
with what exists in the case of Eugland and Scotland, the rcBult 
of a search for materials for a history of the wolf in Ireland hu 
proved less satisfactory than could have been wished. Never- 
theless, some curious fragments of information on the subject 
have been collected from various sources, and are now brought 
together for the first time. 

There is abundant evidence to show that wolves formerly 
existed in great numbers in Ireland, and that they maintained 
their ground for a longer period there than in any other part of 
the United Kingdom. In bygone ages they must have fared 
Bumptuously amongst the herds of reindeer and Irish elk, which 
at one time were contemporary with them ; and the diacoveij 
of numerous skeletons, often entire herds of deer, imbedded is 
the mud of ancient lakes, has led to the surmise that thoM 
animals probably perished in this way in their attempts to 
escape from packs of pursuing wolves. 

Giraldus Cambrensis, who lived in tlie rcigna of Henry IL, 
Richard I., and John, and who visited Ireland in 1 183 and again 
in 1 185-6, when he accompanied Prince John there, has left ■ 
curious account of the wild animals then existing in Ireland, 
amongst which is included the wolf. He adds, "the wolvtf 
often have whelps in the month of December, eitiier in cona^ 
quence of the great mildness of the climate, or rather is token 
of the evils of treason and rapine, which are rife here before theii 
proper season." * 

■ "Topographia niberain," lib. u., cap, ixvi,, p. 72C. Ed. Dimoi^ 
vol. v., p. 113. And not only wolves, but craws find onle had young ttt 
C Tom. <at, ■p. Ul. 
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1 the " Polychronicoii " of Rantilphus Higden, tho monk of 
Chester, who died about 1360, we have a later account of th« 
Irish fauna, and in this also the wolf figures. Thus he says : — 
" Terra h<rc magia vaccis ytuirni bobzts, paaaiis quamfrugibut^ 
fframine iptwm ip-wno fecunda. Abundat tamen salmonibvg^ 
nurwnis, anguillis, et ccetena marinispisdbua; aquUiaqvoquet 
ffnvibuSt pavonibus, cotumicibus, niso, falcone et accipUre 
generoso. Ltt/pos quoque kabet, -mures nocenliasimos ; a«d et 
a/niTieaB, aanguisuffos, et lacertas hahet vnnocuas, Muetelaa 
quoqu parvi corporis aed vcdde animosaa poaaidet." * This 
passage is thus rendered by his translator, John Treviaa (a.d. 
1357-1387), and adopted by Caiton in his " Cronyclea of Eng- 
land," 1480: — "In this lond beeth mo kyn than oxen, more 
pasture tlian come, more grass than seed. There is grete plente 
of samon, of lampreyes, of eles, and of other see fisch : of egles, 
of cranes, ofi'pekokea, of eorlewes, of sparhaukes, of gotlhauki^s, 
and of gentil faucouns, and of wol/ea, and of wel shrewed mys. 
There beeth attercoppes, blood-soiikers, and enettea that dooth 
noon harm," &c.t Some translators and later copyists have 
here and there singularly perverted the original meaning of 
this passage by blunders and mistranslations. Amongst t^ese 
may be mentioned the author or authors of "The Rook of 
Howth," a small folio in vellum of the sixteenth century, written 
in different hands, and preserved amongst the Carew MSS, 
(vol. 623), in the Lambeth Library.} 

Campion, whose "History of Ireland" was published in 1570, 
refers to the chase of tlie wolf there with wolf-hounds. " The 

* " FoIjchroDicoii Rsnulphi lEgden, Monochi CoBtrensis." Ed. BabingtoD 
(Master of the RoUb Series), vol. i. pp. 334, 336. 

t Some little iotereat attaches to this passage from the curioiu aasem- 
bUge of animtib named in it. At the period referred to " Or&iius " loem to 
have beeo common enough in Ireland ; " in Canla vera numerotitate to gnui 
ioffenint, ut. una in grege emdttin, et circiter hvnc maneram freqaenter m- 
■eadat" (Topo^. Hibern. Ed. Dimock, v. 40). By " pekokes " (prttwiiJtu), 
it would seem the Oapercaillle is intended. " pavonet tiliratra hie abundant,' 
gaTsGiraldus (torn, cit p. 47). " Cbiumictlna" should bo rendered "qimilg," 
Dot "curlewH." " Murei nocattiuiinot " are not neceasarily shrew-mice, 
which are insectiTOTous. In all probability that deetructivo field-mouse, the 
•hort-tailed Vole, .^niWa agrctttt, a referred to. By reading " aianeos " 
(shrews) for " araneas " (spiders), some confusion is accounted for. " Atteiv 
coppee " is the translation of araneas. Jamieson, in his ■' Scottish Dictionary," 
givee " Atter^^iap," " Attiicop," spider, with two variants — Northumberland, 
"Attercop," and Cumberland, "Attercob,"ft cobweb. A. S. atter coppe, 
from atter, venemim, and copp, calix j recenring its denomination partly 
from its form, and parti; &om its character ; ;. a cup of venom. By 
" Bloodsuckers," of course, leeches are meant : for " enettes " lacertai, ws 
may read "euBttes" or " evettes," i,e. efts, that do no harm. 

J rf. Brewer andBii]]en,Oa]endarOarewMSS.,"T^a'BQCi^ol\loViiiJi 
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Irish," he says, " are not without wolves, or greyfaoundB to hunt 
them ; bigger of bone and limme than a colt." * 

Sir James Ware, in bis "Antiquities of Ireland" (165$), 
notices " those hounds which, from their hunting of woWeSi tn 
commonly called ' wolf-dogs,' being creatures of great etiength 
and size, and of a fine shape." 

Ray has described the Irish wolf-dog a^ a tall, rough gitj- 
hoimd ; so also has Pennant, who descants at aome length ea 
his extraordinary size and power. 

In a privy seal from King Henry VIII. to the Lord-Depnty 
and Council of Ireland, f his Majesty takes notice of the suit of 
the Duke of Albuquerque, of Spain (of the Privy Council to 
Henry VIII.), on behalf of the Marquis Deearrya and his son, 
*' that it might please his Majesty to grant to the said Alarqnii 
and his son, and the longer liver of them, yearly, out of IreluKi, 
two goshawks and four greyhounds," and commands the Deput; 
for the time being to order the delivery of the hawks and 
hounds, and to charge the cost to the Treasury. 

In November, 1562, as we leam from the State Papen 
relating to Ireland, t the Irish chieftain, Shane O'Neill, for- 
warded to Queen Elizabeth, through Hobeit Dudley, Earl of 
Leicester, a present of two horses, two hawks, and two Irish 
wolf-dogs. In 1585, Sir John Perrott, who was Lord-Deputy of 
Ireland from January, 1584, to July, 1588,§ sent to Sir Fraada 
Walsingham, then Secretary of State in London, " a bmce of 
good wolf-dogs, one black, tlje other white." 

Again, in 1 608, we find that Irish wolf-hounds were sent from 
Ireland by Captain Esmond, of Duncannon, to Gilbert, seveatli 
Earl of Shrewsbury. || 

These dogs were considered very valuable, and were highlj 
thought of by those who received them as presents ; but 
years later, when owing to the great increase in the number of 
wolves in some parts of Ireland, their services were more than 
ever required to keep down these ferocious animab, a law, 
presently to be noticed, was passed to prohibit their exportation. 

In Eobert Legge's " Book of luformation," compiled in 15M 
by order of Sir John Perrott, the above named Lord-Depu^ of 
Ireland, " for the reformation of the civil government of t h»* 
realm," it is recommended, inter aim, that " for the destruotiOB 
of ravening and devouring wolves, some order might be hadp U 

* See alao HoUnsbed, " Descript. Irel." 1580, and Camden, ' 
toL ii., p. 1312 (i."HbBon'a Ed.), 
t Rot. Cauc. Dec. 0, 30 H. 8, dorto. 
I FJii., vol. rii.. No. 40, in PuK Hec. Off! 
i IWd., vol. CJtx., No. 12. 
/( "A»cli»oL vEtana," toL li, p. 226. 



m any lease is granted, to put in §ame danie that the tenant 
ieavour himself to spcnl and kiU wolves with tnps, snares, or 
h devices as he may devise.^' * 

Ibout this time, it is said, wolves committed great devasta- 
1 amongst the flocks in Manster. After the destmction of 
mallock by James Fltzmanrioe, in 1591, that place is stated 
have become the hannt of wolves. 

^or some account of their ravages during Desmond^s rebellion, 
reader may be referred to O^Sullivan^s ^Compendium His- 
isB CathoIicsB Hibemi^'' 1621 (lib. viii^ cap* 6). 
Kt a later period, according to Fynes Morpon, who was 
sretary to Lord-Dq>aty Moontjoy, and who wrote a ^ History 
Ireland from 1599 to 1603,^* the cattle had to be driven in 
oight, ^for fear of thieves (the Irish using almost no other 
id of theft), or else for fear of wolves, the diestmction whereof 
ng n^lected by the inhabitants, ofqxressed with greater mis- 
efe, they are so much grown in numbers as sometimes on 
iter nights they wiU ccmie and jwey in villages and the 
lurbs of cities.'* f 

[n May, 1594, Lord William Bussell was appointed Lord- 
puty of Leland by Queen Elizabeth. From entries in his 
roum^" extending from ^ June 24, 1594, to May 27, 1597,'' 
Eippears that both he and Lady Bussell, who accompanied him 
Ireland, frequently participated in the jdeasures of the chase, 
1 amused themselves at different times with hawking, fishing, 
i himting. X Under date May 26, 1596, it is recorded: 
if y Lord and Lady rode abroad a hunting the wolf As the 
ce-r^;al Court was then located at Kilmainham, almost within 
i city of Dublin, it would appear that the wolf in question 
s to be found at no great distance beyond the city walls. 
Sir Arthur Chichester, writing to Sir John Davys, March 31, 
09j in reference to the pending plantation of Ulster, inci- 
atally remarks that '^ if the Irish do not possess and inhabit a 
3at part of the lands in some of those escheated countries, 
oe but wolves and wild beasts would possess them for many 
urs to come ; for where civil men may have lands for reason- 
le rents in so many thousand places in that province, and in 
is whole kingdom, they will not plant themselves in moun- 
ns, rocks, and desert places, though they might have the 
id for nothing." § 
In the reign of James L it would seem that active measures 

' Caiew MSS., yoL 007, p. 115. Brewer snd Bnllen, Caleodar of Cszew 

}&., Eliz., p. 401. 

f MoryBon, '' Kst Ird.," DnUin ed., 1735, voL n., p. 367. 

t Preserred smangst the Gbzew HSa at Lsmbeth Pakce, vdL 612. 

\ State P^pen, Irelaod, in Beeoid Office, voL 226, 58w 
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were devised for the destruction of wolves in Ireland, and tbe 
following "Heads of a Bill in the Irish Pitrliaraent, 1611," will 
be found preserved amongst the Carew MSS., formerly in t 
Heeord Office, but now at Lambeth Palace :" " An Act foe 
killing wolves and other vermin, touching the days of hunting, 
the people that are to attend, who to be their director, an inhi- 
bition not to use any arms. The Lord Deputy or Princtpat 
Governor to prohibit such buutiug if be suspect that such 
asBembties by colour of hunting may prove inconvenient." This 
proposed act, however, seems never to have become law, for no 
mention of it is made in the eight volumes of Irish Statiutei 
published by authority in Dublin in 1765. It is not surprising 
therefore that the ravages of the wolves in Ireland continoed. 
In 1619 their numbers in Ulster compelled people " to houife 
their cattle in the bawnes of their castles, where all the winter 
nights they stood up to their bellies in dirt. Another reason is 
to prevent thieves and false-hearted brethren who have spiefl 
abroad, and will come thirty miles out of one province into 
another to practise a cunning robbery."! In 1641 and 1658 
wolves were particularly troublesome in Ireland, and in the 
latter year the following Order in Council was issued by Ciotn- 
well, prohibiting the exportation of wolf-dogs : — 



" Declaration against transportim.g of Wolfe Dogges, 

"Forasmuch as we are credibly informed that Wolves doe 
much increase and destroy many cattle in several partes of tliil 
Dominion, and that some of the enemie's party, who have laid 
down armes, and have liberty to go beyond sea and others, do 
attempt to carry away several such great dogges as are common]; 
called wolfe doggee, whereby the breed of them which are useAil 
for destroying of wolves would (if not prevented) speedily decay. 
These are therefore to prohibit all persons whatsoever frMQ 
exporting any of the said dogges out of this Dominion; and 
searchers and other officers of the Customs, in the several partei 
and creekes of this Dominion, are hereby strictly required to 
seize and make stopp of all such dogges, and deliver them eitluf 
to the common huntsman, appointed for the precinct where thw 
are seized upon, or to the governor of the said precinct. Dittd 
at Kilkenny, April 27, 1652." 

The loUowing year another Order in Council was made vlnoli 
ran as follows : — 

* Corew MSS., vol. 630, p. 36. Sue aiao namilton's ■• Cnlendu of 8tttl 
Papers lelnting to Ireland," Jm, I., sub aano, p. 103. 
t Giunsford'a " Qlotj otEm^\6iv4" ^.\te. 
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" DeclanroMon touching Wolves. 

the better destroying of wolves, which of late years have 
icreased in most parts of this nation, it is ordered that 
manders in chiefe and commissioners of the JElevenue in 
tral precincts doe consider of^ use, and execute all good 
ind meanes how the wolves in the counties and places 
the respective precincts may be taken and destroyed; 
employ such person or persons, and to appoint such dales 
les for hunting the wolfe, as they shall adjudge necessary. 
is further ordered that all such person or persons as shadl 
U, or destroy any wolfes and shall bring forth the head 
7olfe before the said commanders of the revenue, shall 
the sums following, viz., for every bitch wolfe, six 
;• for every dog wolfe, five pounds ; for every cubb 
)reyeth for himself, forty shillings ; for every suckling 
Bn shillings. And no wolfe after the last September 
le 10th January be accounted a young wolfe, and the 
(sioners of the Revenue shall cause the same to be 
I assessed within their precincts. 

"Dublin, June 29, 1653."! 

assessments here ordered fell heavily in some districts. 
December, 1665, the inhabitants of Mayo County peti- 
the Council of State that the Commissioners of assess- 
tight be at liberty to compound for wolfe-heads ; which 
ered accordingly. 

362, as appears by the Journals of the House of Commons, 
n Ponsonby reported from the Committee of Grievances 
>ill should be brought in " to encourage the killing of 
and foxes in Ireland." 

le " Travels of the Crrand Duke Cosmo III. in England," 
p. 103), the author speaks of wolves as common in Ire- 
for the hunting of which the dogs called ^ mastiffs ' are 
t request," 

iherty in his "West or H'lar Connaught" (1684) enu- 
\ the wild animals which were to be found in that district 
day, and names '^ wolves j deere, foxes, badgers, hedge- 
ares, rabbets, squirrells, martens, weesles, and the amphi- 

price paid in Sutherlandshirei in 1621, was 61, ISs, id. €f. arUeOf 

36 documents were extracted from the original Piiyy Council Book 
well*B goyemment in Ireland, preserved in Dublin Castle, and are 
3y Hardiman in his edition of OTlaherty's " West or Hlar Goii- 
' p. 180. 

fiSBIBP n. — JXO. Vni. D D 
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Hous otter, of which kind the white-faced otter is very rare.' 
Hardiman, in a note to bis edition of this work (1846), snjn 
"When our author wrote (1684), and for some yeara aflerwaixia 
wolves were to be found in lar Connaught, but not in sue! 
nnmbers as in the early part of that centiiry. The last wolf 
which I have been able to trace here was killed in the i 
tains of Joyce countiy, in the year 1700. After the w; 
1641 the ravages of the wolves were so great throughout Ire- 
land as to excite the attention of the State. 'Wolf-hunters' 
were appointed in various districts, and amongst others in lar 
Connaught, who helped to rid the eoimtry of these ferocioos 



In an account of the British Islands, published at Nurembo^ 
in 1690, the wilds of Kerry are referred to as harbouriog wolvw 
and foxes ; f and in the reign of William and Mary, Ireland mi 
sometimes called by the nickname of " Wolf-laod." Tkui in 
a poem on the battle of La Hogue, 1 692, caHed " Advice lo * 
Painter," the terror of the Irish army is described : — 

A chDlin^ dMup, 
Aad wolf-land howl mna thnugli the riung cunp. 

" Three places in Ireland are commemorated, each as hsving 
had the last Irish wolf killed there, namely, one in the wutli, 
another near Glenarm, and the third, WoIf-hUl, three mild 
from Belfast." * The one in the south is probably that refenrf 
to in Edwards's " Cork Remembrancer" (p. 131), wherein Uw 
following entry occurs: "This year (17 10) the last presenttoeot 
[to the Grand Jury] for killing wolves was made in the « 
of Cork." § In the old " Statistical Account of Scotland,' hoir* 
ever, edited by Sir John Sinclair, it is stated (vol. xit., p. 447) 
that the last was killed in Ireland in 1709. 

The great woods of Shillela, on the confines of <^low ud 
Wicklow, now the property of Earl Fitzwilliam, are said to hsn 
held wolves until about the year 1700, when the last of U 
was destroyed in the neighboiuhood of Gleodaloch.|| 

In a poem, in six cantos, published as late as 1719, and 
titled, "MacDermot, or the Irish Fortune-Hunter," "wol^ 
hunting " and '* wolf-spearing " are represented as con 
sports in Munster. Here is an extract : — 

* IIncdimiiTi, op. cit., p. 10, note. 

t Thifl work the writer haa not seen- It is quoted bv Uttcaul^, '' 
Fjigl.," vol. iii., p. 130, 

X Thompaon, " Kat. Hut. Ireland," vol. iv., p. R4. 
^ See nlM Scouler, ' Juum, TJeoL Soc.,' Dublin, vol, t, p. Htn. 
j{ MackeDxie's NUuthJ History, p. SO. This volome, puUiabed iitl< 
in modem times, u undtto^ 
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It happened on a day, with horn and houndfl, 
A baron gallop'd through MacDermot's groundfl. 
Well hors'dy pursuing o'er the dusty plain 
A wolf, that sought the neighbouring woods to gain : 
Mac hears th' alarm, and, with his oaken spoar. 
Joins in the chase, and runs before the peer, 
Outstrips the huntsman, dogs, and panting steeds. 
And, struck by him, the falling savage bleeds. 

The crest of the O'Quins of Munster is "a wolf's head, 

erased, argent,** possibly perpetuating the prowess of some former 

noted wolf-hunter in that ancient family. 
The author of "The Present State of Great Britain and 

Ireland," printed in London in 1738, wrote at that date, 

"Wolves still aboimd too much in Ireland ; they pray for tlu» 

wolves, least they should devour them." 
In Smith's "Ancient and Modem State of the (vounty of 

Kerry," 1756 (of which book Macaulay said, " I do not know 

that I have ever met with a better book of the kind and of tho 
size," " Hist. Engl.," iii. 136), the author, speaking of certain 
ancient enclosures, observes (p. 173) that "many of them wen^ 
made to secure cattle from wolves, which animals were not 
entirely extirpated until about the year 1710, as I find by pre- 
sentments for raising money for destroying them in some old 
grand-jury books." 

Traces of old circular entrenchments, into which cattle and 
sheep were driven for protection from wolves, are still to bo 
seen in many parts of Ireland, especially in the south. One of 
these, in the county Tyrone, will be noticed presently. 

In Harris's edition of Sir James Ware's " Works " (Dublin, 
1764), the editor, commenting upon the passage, " I shall but 
just hint at the eagerness of the Irish in the chase, as in hunting 
wolves and stags," remarks in a footnote (p. 165), " So said in 
the year 1658. But there are no wolves in Ireland now," This 
statement in turn may be controverted, upon very respectable 
authority, but the conflict of evidence renders it very difficult 
to fix with certainty the precise date at which the animal be- 
came extinct. 

The following account is given of the destruction, by a noted 
wolf-hunter, of the last wolves in the county Tyrone. 

" In the mountainous parts of the county Tyrone, the inhabi- 
tants suffered much from wolves, and gave as much for the 
head of one of these a-nimak as they would now give (1829) 
for the capture of a notorious robber on the highway. There 
lived in those days an adventurer who, alone and unassisted, 
made it his occupation to destroy those ravagers. The time for 
attacking them was at night. There was a species of dog kept 

D d2 
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for the purpose of hunting them, resembling a rough, stout, half- 
bred greyhound, but much stronger. 

" In the county Tyrone there was then a large space of ground 
inoloaed by a high stone wall, having a gap at the two opposite 
extremities, and in this were secured the flocks of the suxround- 
ing fanners. Still, secure tbough this fold waa deemed, it wi 
entered by the wolves, and its iumates alaughtered. 

" The neighbouring proprietors having heard of the noted wolf- 
hunter above-mentioned, by name Rory Carragh, sent for hin 
and offered the usual reward, with some addition, if he would 
undertake to destroy the two remaining wolves that had com- 
mitted Buch devastation. Carragli, undertaking the task, took 
with him two wolf-dogs and a little boy, the only person he 
could prevail on to accompany him, and, at the approach of 
night, repaired to the fold in question. 

"*Now,' said Carragh to the boy, 'as the wolves usiiallf 
attack the opposite eitremities of the sheepfold at the swne 
time, I must leave you and one of the dogs to guard this one, 
while I go to the other. He steals with all the caution of a 
cat ; nor will you hear him, but the dog will, and will positivrfj 
give him the first fall. If you are not active when he is down, 
to rivet his neck to the ground with this spear, he will riae np 
and will kill both you and the dog,' 

** ' I'll do what I can,' said the boy, as he took the apear from 
the wolf-hunter's hand. 

" The boy immediately threw open the gate of the fold, aod 
took his seat in the inner part, close to the entrance, bis faithful 
companion crouching at his side and seeming perfectly awan of 
the dangerous business he was engaged in. The night was vaj 
dark and cold, and the poor little boy being benumbed with the 
chilly air, was hegliming to fall into a kind of sleep, when itt 
that instant the dog, with a roai, leaped across him and laid hi* 
mortal enemy upon the earth. The boy was roused into donUe 
activity by the voice of his companion, and drove the Bpeoi 
through the wolf's neck, as he had been directed ; at which time 
Carragh made his appearance with the head of the other."* 

In an interesting article on the Irish wolf-dog, published ID 
"The Irish PemiyJoumal" for 1841 (p. 354), the writer ay<:t 

" I am at present acquainted with an old gentleman betwwn 
eighty and ninety years of age, whose mother rememheret' 
wolves to have been killed in the County of Wexford about Uh 
years 1730-40, and it is asserted by many persons of weight 

' " The Biography of a Tyrone Family " {Belfast, 183U>, |). 74. 

t This article, publislied under the initials of 11. D. &., bu Kn«| 

ndmittt^d Iii have been writteD by IL D. Bicbardson, aulbor of "XU| 

lu <~MiriD, Natural Uistorj, and Vuietins," in which v/atk it hM^H 

•iih additioDS, ISiS. '^M 



^RR^ t\ 



THB BXTISCT BBITIKH WOLF. 40l 



7 that a wolf was killed in the Wicklow mountain* 
Bcently as 1770." 
, few years since. Sir J. Emerson Tennent wrote to a con* 
porary on this subject as follows : — 
'Waiingetown, in the county Down, on the confiuo of tbv 
sty of Aimagh, takes it^ name from the family of Warfng, 
dbf in the reign of Queen Maiy, Sed to Ireland from l^n* 
ore to avoid the persecution of tbe IjoUarda. At thu elott 
be seventeenth century the Waring of that day waR a mum* 
of the Irish Parliament ; and his eldest mm, Samuel Waring^ 

bom about the year 1699, and dit;d at a very advanced agg 
,793. He was succeeded by bis nephew, the Very Reverend 
t Waring, Dean of Dromore, who wan born iu 17fifi, and 
m I had the honour to know. With him [ happened to b* 
elling through the Mourne mountains, in the oounty of 
m, on our way to the Earl of Huden'it, about the year 1834 
635, when the conversation turning upon the social tjonditioa 
Ireland in the previous century, he told me that a foal bfr< 
[ing to his uncle had been killed by a wolf in the stable at 
fingstown, and that he, when a boy, had heard the occurrenoa 
latedly adverted to in the family circle. The dean w 
L of singularly acute mind and accurate memory, and unleH 

statement of his be altogether a delusion, this would h 
e the last recorded appearance of a wolf iu Ireliind." 
he last piece of evidence collected has reference (jj a com- 
dcation which appeared in " The Zoologist " for 1 868 
199G), under the heading, " Wolf Daya of Ireland." On 
lying to the writer, Mr. Jonathan Grubb, of Sudbury, for 
ber particulars, he obligingly replied in a letter, dated 
B 6, 1877, as follows:— 
I am now in my seventieth year. My father, who was bom 
767, used to tell the wolf stories to ub when we were children, 
mother — my grandmother — related them to him. She was 
t in 1731. Her maiden name was Malone ; and her uncles, 
1 whom she received her information, were the actors in tbe 
es described, at Ballyroggin, county Kildare. She remem- 
id one of them, James Malone, telling her how his brother 
e home one night on borsebiLck pursued by a pack of wolves, 

overtook him, and continiied leaping on to the hind quartern 
lis horse till he reached his own door, ciying out, ' Oh I 
lea, Jamea I my horse is ate mth the wolves.' " 
he precise date of this occurrence cannot now be fixed ; but 
lems plain that wolves existed in Kildare during the first 
rter of the eighteenth century, and perhaps as late as 1721 
sum up. So far as can be now ascertained, it appeaw 
, the wolf became extinct in England during tbe reign of 
iry VI it survived in Scotland until 1743 ; and tha" 
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the last of these animals was killed in Ireland, according to 
Richardson, in 1770, or, according to Sir James Emerson 
Tennent, subsequently to 1766. 

In the foregoing observations, no reference has been made to 
<' were-wolves," nor has any matter been introduced touching 
the fabulous or superstitious aspect of the wolf's history in the 
British Islands. All such allusions have been purposely avoided, 
in order to confine the subject within reasonable limits. 

Before concluding, however, we may perhaps be excused for 
citing so respectable an authority as Sir Thomas Browne, who, 
in his '^ Enquiries into Vulgar and Common Errors," has alluded 
to the popular notion that wolves cannot live in England. 

In vol. iii., p. 344, of his " Works," (Wilkin's edition), he 
says : — ^^ Thus because there are no wolves in England, nor have 
been observed for divers generations (1646), conmion people 
hav^ proceeded into opinions, and some wise men into affirma- 
tions, that they will not live therein, although brought from 
other countries." 

He also notices the popular belief that '' a wolf first seeing a 
man begets a dumbness in him," a notion as old as the time of 
Pliny, who wrote: " In Italia^ ut credUur^ bwporv/m vimu e$k 
noidus, vocemque homini, quern priua coTUemplatur adi/men,^ 
In France, when anyone becomes hoarse, they say, ^^ H avuU 
loup:' • 

'* The ground or occasional original thereof," says Sir Thomas 
Browne,t '^ was probably the amazement and sudden silence the 
unexpected appearance of wolves doth often put upon travellers, 
not by a supposed vapour or venomous emanation, but a 
vehement fear, which natiuully produceth obmutescence, and 
sometimes irrecoverable silence." 

A critic, adverting to this passage, has somewhat wittily 
remarked : ^' Dr. Browne did imadvis^y reckon this among 
his vulgar errors, for I believe he would find this no error if he 
were suddenly surprised by a wolf, having no means to escape 
or save himself I " 

• Howell's Familiar Letters, vol. iv., p. 52. 
t Op. cit., vol. ii., p. 422. 
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9 liook, altbough based upon Fayen's Fi'icu He CAirnif IjuluttrirUt, 
« been so extensively modified &nd so considerablj enlarged m almont 
to uaBiuue the form of a new work. The infornuttion conluned in it hM 
genenMr. although not always, been brought well up to date, and the 
TfcriOQB mauufacturing processes are described with much cleamees, and 
oflpQ with coii«iderftbIe detai]. 

The orlicle on ijulpliiir includes a descriptioii of the means employed fat 
the recovery of that body from alkali wastes by Jlond's process ; and tliat on 
tlic inauuracture of sulphuric acid contaiDs much valuable matter relative to 
tbia most importaut bmticb of our chemical industries. It is, however, to be 
regretted that the woodcut representing a series of sulphuric-acid chamban 
1b BOUiewbnt antiquated, having been reproduced from a plate contained in t 
Freoch edition of the original work, published nearly twenty years ago. We 
likewise fail to find a drawing of the ordinary pyrites kiln, now so geneiilly 

The productian of cbkirine by Weldon's process ia duly de^icribed, as is 
aL>o the prepanktion of bleaching powder in chambers ; and in deecritnog the 
manufactUTe of soda-Bshj mention is made of tlie awmouia process, which is 
now being successfully carried out in this country, and which has recently 
taken a very extensive development on the Continent of Europe. 

There are likewise valaable articles on the preservation of wood, on pftpais 
luaking, soap-making, starch and sugar-makitig, as well as upon brewing and 
diiitillation. 

The Metallurgical articles have been contributed by Dr. Paul, and Hie, so 
br as they are capable of b^ng coudeoaed within the limits assigned to them, 
generally satislactory. l*ftd-Bmelting in the open hearth, in the reverberatory 
furnace, and in the blast furnace, is somewhat fully described-, but at page 
S74, the Zeppenfeld furnace ia spoken of as being still in use at Pontgiboud, 
whereas it has not been iu operation there snce 1363, and was taken down 
and removed early in the following year. 

* " Indu.'>triul Chemistry: Based upon a Translation of Stohmann and 
Bugler's German Edition of Payen's ' Prfida de Chimie Indiastrielle," " edited 
throughout and supplemented with chapters on the Chemistry of the / 
HeUkls, &c., by B. II. Paul, Ph.D. 8vo. London, Longmans. 1878. 
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Ooppet^-amalting nnd the extraction of copper from burnt pjriUa 
wet method, are both well epitomiied ; but the metnUurgT of mItct U 
made to embrace some recent proceBSes. The Pattinsun kettles &k thowi 
mth '* heal^ra," which are oow almost obsolete ; and no meDlion b made 
Luce and Itozan's steam process; while the modificsdons of Park's metboi 
for extractiug silver from lead bj the addition of metallic dnc are but hrieflj 
alluded U). Tbese two syBtetue have now, to a very large extent, supertedM 
crystallization in pots and the removal of the erjatals b perforated ladlM, 
Mr. Claudet's process, hy which 150,000 ois. of silver are annaall; looorered 
from copper liquors by the addition of a soluble iodide is, faowerer, notieed 

Dr. Paul's book, although cot perfect, ia in many respects superior 
the original work, unce not only has the cbenuatry of Payen been anplifitd 
and modernized, but varioua maaufacturing proccRsee emplrn'ed in GiMt 
Briton have been supplemented to the OontineutaJ methods, chiefly eiven in 
the French and German editions. Besides this, many Tnluable articlts hsm 
been added ou the chemistry of tbe metnls, and on the metAllurgica) trM- 
ment of their ores. Although, in some few cases, valuable inventiona hiin 
been lost sight of, ou the whole the editor has done his work very ear^fiilty 
and the result is a valuable conCributiou to tbe technical literature of thi 
country. 



I 



PirYSIOOR-iPHY.* 

AFTER tbe abundant criticism to which the latest addition to adtnlSll 
terminology, represented by the word Physiojrraphj, hns been subjeolcdi 
Mr. Skertchly does wisely in adopting a title which is explanatory nf u> 
purpose, and which to a certain extent serves aa a definition of the nbjiwt bt 
proposes to acconiplisli. This ileiinitiou is materiatly uded by the quotttiM 
on tlie title-pa^ which ntfirms that 

.\11 are but parts of one stupendous whole, 
and ia supplemented by a slAtement in the introduction, to tlie «fleet tblt 
" This volume is in one fenae a manual of Physical Geography, but it diSM 
from other works in attempting to knit the phenomena of thttglulwlDU 
ft coherent train of reasoning. Phyucal Oeoptnphy is too often dsgidd 
into a sort of scientific curiosity shop, in which there is a vast cotlectiMI (t 
isolated facts respecting AslTonomy, Geology, Physics, ffiology, and 
not, without tbe slightest attempt at gronpng them, to show bow i 
dependent they are upon one another." 

The fact is, that of late yi^ara tbe tendency of Science, like the in 
Dated ovum, has been towards fissure and constant subdivision : luui 
or encycloptedic knowledge has more than ever become a cliimtem ; ud it 
nught with more force than formerly be argued against a philosopher of 
WhswoU school that " Science was hia forte, and Omniscience his foiUCi,' 

Faiweinp men, however, of Huxley'.t type, have reahxed the fact UiMm 



" The Phyrical Svstem of the Univeise." An outline of rhTd< 
T B. J. akirWUj. "F-G.?.. Or. Rnq., I^ndon, 1878. 
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leqmre from time to tuna oonstnicthre books, to balaoco all thi« AoalTiii* : 
the Dedadave method must be eet ageinflt tbe IndoctiTe ; the careful coUec- 
turn and proper collocatioii of miaoeUaneoiu and dujomted obeerratioDs is at 
leut as neoeeearj as their independent labiftantiation ; tbe soldiers of tb-^^ 
aimj that make war against nature must be marshalled into ranks acd 
iMttalions : " L'umamfait la force." 

Hence we haye the totj necessarjr and lojncal conception of tbe new 
•Qsnoe, PhyoographT. Strictlj speakinfr it is nowiw new. It was for^ 
diadowed in the De Jtemm Natura of Locretius, and before that, bv 
Aastntle and Plato ; satjTized in TVoctofiii de cnmi SeMU, and so on : but 
ivy beautifully set before the mind in one word, Cosmos (goafun), by 
Hmnboldt. If Oo6moe,.8ignifying> at once the Law op Obdkb, and that con- 
crete demonstration of this law which we behold around us in the materi*], 
periiaps even in the ultra-material, world, could be naturalized V} the 
Sngliah language, as it has been in the more plastic and flexible German, 
it would serve far better than the somewhat jaunty and affect^ t^rm 
itow suggested. Physiography clashes uncomfortaUy with its pre'W^nA'jr 
Ajsiognomy, and, to the writer at least, always su^/eftts a h^^ymnu of 
l^tographic portraiture and cartee de viske, which it d'^;4 not claim or 
desenre. But whatever be the merits or demerits of tbe fiafije, tb«; (refi«?rA)- 
Uation is undoubtedly wanted, and will continue to be want^t^i from tj in«r t/f 
time as sdenoe progressively advances. Perhspt on the whole, i)*mtu*f 
grsphy, now familiar to English ears, would be pref«frabl<?. Th«; <;ftMrrjtUl 
idea involved is — an orderlv review of the Svstema Mundi, frafni:«J on the 
^ridest possible basis, and taking account of the latent n^earcheM in lf«;ttt, 
light, and Molecular Mechanics. 

On this theme, Mr. Skertchly has constructed a very ft(rrf;«;ahle and 
well-digested book. He states in a short preface that it owes ltd origin U> a 
lecture delivered to Science teachers at the Charterhouse College, ami its 
present publication to the fact of '' the Department of Science and Art having 
recently become impressed with the inexpediency of teaching earth-lore am a 
chaotic assemblage of isolated focts." 

After an introductory chapter, the writer considers in succession Matt<;r 
and Motion, Light, the Sidereal and Solar systems, the Sun, the earth's 
internal Heat and its effects as contracted with what is derived from ex- 
ternal sources ; leading up to what he terms ^ Earth sculpture." This is 
followed by chapters on Climate, and on the origin of Life ; the work con- 
cluding with speculations upon the past and future of creation and on 
the finite nature of the solar system as indicated by the most recent views 
of the Nebular hypothesis. 

The lang^uage made use of is throughout of a clear, striking and some- 
what picturesque character ; the naain argument being elucidated by bhort 
epitomes of its essential points. As instances of lucid exposition may be 
named the chapters on the Precession of the Equinoxes, and on the newly 
discovered Repulsion' from Badiation as explaining the behaviour of cometary 
envelopes. The conclusion of the work deserves quotation : — 

'' All our knowledge tends to strengthen belief in the Nebular Ilypothesia 
under some form or another. But it may be asked, if this be true of our 
system, are we to stop there P The stars are suns and move in systems. 
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Our 8iin is a member of one of these. Was that grander scheme erolTed 
from a yet grander Nebula P Who can tell ? If so, how iofimtely more 
simple would appear the unity of creation ! " 

W. EL SxoM. 



THE MOON.* 

"IfH. PBOCTOR^S works have so recently received attention in these 
111 pages, that it is hardly necessary to do more now than to record the 
appearance, in a second edition, of one of his best books. The present, it 
seems, however, is not merely a reprint, nor even an amplification of the 
former issue, but rather a subdivision for the convenience of non-mathema- 
tical readers. 

In a short preface, Mr. Proctor says, " 1 have found reason to believe that 
portions of the original work were too difficult for the general reader. I. 
have, therefore, removed from the present edition matter relating to detaO^ 
of the lunar theory (leaving the general account of the moon's motions) an^ 
also the more difficult parts of Chapter in. These vnll be reprinted In 
another volume. The last chapter on the moon*s physical condition hma 
been considerably enlarged." 

W. H. Stohi. 



AMERICAN STATE PUBLICATIONS. 

We have once more to call attention to a long series of valuable puUici- 
tions issued either by the Central Government of the United States, or br 
individual states ; and we do this with a certain feeling of sadness, as we bs^e 
heard a nunour that perhaps the most important of the sources to which we iie 
indebted fpr this seemingly perennial spring of scientific literature, namelj, 
the " Geological and Geographical Survey of the Territories," so ably con- 
ducted by Dr. F. V. Hayden, is about to be, if not suppressed, at least con- 
siderably shorn of its means of useful work. It is true that the liberalitj 
with which the publications of this survey have been scattered over the ftoe 
of the earth might easily be construed into imnecessary profusion by legis- 
lators of economical tendencies, and it would be easy to show that many of 
the work£ have thus fallen into the hands of those who did not appredftts 
them, for he would need to be indeed an ** all-round man " who should be 
equally interested by all the volumes produced ; but on the other hand, we 
may be sure that many of the books which thus apparently go astray is 
the first instance, eventually find their way to the shelves of those who 
feel a lively interest in their contents, and thus justify the liberality with 
which they are distributed. On the other hand, the work done by this 
Survey (of the quality of which the " Atlas of Colorado " noticed below is a 
brilliant illustration) is so exceedingly good, and the importance of accurats 
information upon the natural phenomena of a new country like these 
western territories is so great, that we cannot imagine any valid objectioo 
being raised to the continuance of its labours. We must, therefore, exprem 

• »< Tht^ Moon, her Motions, Aspect, Scenery, and Physical Condition,'* 
A. Pioctoi. ^eooii^ Eidi^on, London : crown 8vo. pp. 314. 
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4 kope tkal;, em if h U food d«BxmUe to restrict snmewhat the DumWr 
of gnudtoot ftcifauito of tkete pablicatioDs, no chflck will be put upon tk« 
actintT of Dr. HsTdesnd Ini ttnlTof aaastants, and that wo majstill from 
tone to low W aUe tt> annnmic^ the muha of their researches. 

How £tf one of the woths which has reached us is to be regarded a* c^m^ 

firmatonr of the nimoarahoTS referred to we cannot tell » but the coDciwioii 

of Br. HaTdesV pRittoiT note aounds venr like it. This book* is a quaitK> 

ftAamt of 96 heaiisifUUT exeaited plates, containing numei\)us figuive of 

foMfl plants from the Cretaceoos and Tertianr straU of the Western IVnv 

toriei, which, a* Dr. HajdeB tdb us, hsTO been engraved and printed f.v a 

periodofsareo mBS,awaiiii^ the final report of Dr. J. & Xowberrr. which 

vaaiDtendedtofonn ToL ^TIL of the quarto series of SurveT ltepofl». Th^ 

^letter pan of these flanta were described as long ago a« 1S<C ina pa|iet> 

lesd before the Ljceun of Xatoral Historr of Xew York, and puUi^died b\ 

tkstinstitBtaaninita'* Aaaals* in 1868; so that, should the text noT«>r spp^, 

^theie ^hxem will ooft be entirdv loet to science,** but will serve a» illosua- 

tionsto thedeseripdoospablished ten veanago. Thenaucsand i^fmoMW 

iisfe been appended to the figures bj Professor Lesquereux. 

The splendid atlas of the Goknado Region.^ latelv publLshtNi. is pN^xtj^ 
the grandest, eertaiahr the most strikicg monument of the UKMirf^ «^:' the 
Snrrer over winch Dr. Havden so wort hit v pieAdes. Ii coasi<:* i.'tf twysa^^ 
large sheet*, and iDnetrates the geok^gicaL topographical sai .^ther »ti;7a^ 
cbarscters of an extensave district, emlracinc the whole ot the Coi.^«ai^.^ 
territoTT and the adjacent portions of Utah. Arizona asd New Mexxxv 
Four of the maps are on a ecale of 12 mile$ to the inch, aad sh^w the 
trianguktioD of the diitrict. its drainage, its ecox>oaiic wru^iaritMt» s»d ii^ 
general gsok>gr. la the third of these map« tb^ arsbue asi psfTsare ^ssddk 
the foreit and desert laad». azid the mimnz di«trici5 are i::>iiv**ji»c Vr meast^ 
of colours and srniV^i!. rftx gK'kigical maf«. on a snue of f.*Y:r s:ije» i^-^ ^^ 
inch, diow the 'gectaogxsl ftrocTore of the co'uzittt is n^.r; c^';ail ihax thr 
smaller one above r e fe n» d to : a2>d the«e wme sbm'V*^ w:-4^.>£: u»e p.-uncrs. 
serve to indicate tiie v.'pogn^tfiT asd orogrs^hj cf tH« ir:? j»*<:L:ii: :wi.Tr.. ^ht 
co n tour Eaes iwidch suio a^i^Mir is the pnc*\.&eal iiapf txcur tubcwc i.* 
show appToxiiEaSftvT diilfffecMM '/ Iev«j <€ tfi.** itiei. T v . f:tH»;<3 re Mv^.tnjv 
and two of pauTnm? view* com^uete tiye arjtf. lixt ext^rcn:^ .tf wioni 3^ 
th ro ugho ut adaozahnk. Ll 5arL wtls isdf tOM ri b» haad -Jbt tcuMxc msv 
gain a ■&<«» yesiMt uc^.fc c^ *m Stmus. aad wj^iioerfiL Canemnr :w.it 
than he can nafCrj '.^rtaa i^ >.<eiJhM* s:Bri. suyr^ r^mesuZij knr^wx a3f£ 
much nesrer irjoi^ : iojC "j* iims^ i«oci'.»ur it txir. ziX m^j -;. I^. HsTMr. 
and his fiaif. ha ai^ir. f. ti* AsurntGuu Ovt^-stsmc:: av:djwvaaeb. uubmt w^w 
auspices to Tutapsit^jffai a w^ex hae Ums. tgoorxLyusotdL 

Of th«^ -" I>vl>*ii ^Z * wv 'jiru hsTt Obri. isnu^rc ourinr »■ inmac -wwc 
and tbeae. vt wsuL. ;mMai; a vfcn«d auc 2£r>r:vimitr seek* of arsejeb. Zu^^ 
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lopiciil pftpets occupy the greater p«rlof thwe two numbers, mid the finldB 
them is a most importftnt cootribution fri>in the pen of Dr. J, A. Alia «■ 
" The Oeographical Dintribution of the Maniinalis," in which he upholdi ikm 
opinion, ori^nally put forward iu 1871, that life is distributed at 
earth's surface "in circumpolar zodbb, which conform with tba d 
r^nes, though not alwaja with the parallels of the geograplier.'' It will tt I 
seeu that Dr. Allen is diametrically opposed in principle to Dr. Sckletuil 
Mr. Wallace, whose opinions lie criticizea pret^ freely. His propuMd |i 
mary divisions are as foUowB :~~ 

I. An Arctic, or Circtimpolar. 

II. A North Temperate, divided into two regicini> and eight prorii 

III. An American Tropical, with three regions. 

IV. An Indo-African, with two regions and five provinces. 

V. A South American Temperate, with two provinces. 

VI. An Australian, with three regions, one of tliem divided ic 

VII. A Xjeniurian. 

VIII. An Antarctic or South Circumpolar. 

The ichthyologist wiil find In theae two numbers s<)me valuable iwtM b) 
Br. D. B. Jordan on a collection of fisbea from the liio Grande, and aeon* 
plete catalogue of the freshwater fishes of North .America by the ndid 
author. 

Of entomological papers there are aevcral, the most important of which h 
Dr. Le Oonte'a article on " The Coleoptera of the Aljone R^oo of ^ 
Rocky Mountains." In this paper the author remarks briefly upon the Wr 
ditioDB wliicb have governed the distribution of these Alpine b««t)es,ai>i 
describes many new species belonging to various ftmilii's, gives a listofcali- 
oplera collected in the Rocky Mountains at elevations of 6,000 feet and vf 
wards, and characterizes in an Appendix the known North American spuon 
of ft'ebria. Dr. Cyrus Thomas has some notes on urlhoptera collected t^ 
Dr. Ooues in Dakota and Mootmia, with remarks on the natural hisbiry of 
Cal'iptenui »pretti4, one of the most destructive of the North Americu 
locusts i followed by papers on the rbyncbota and lapidoplera, collpctod at 
tho same time by Dr. Cones, by Dr. Ubier, and Mr. W. H. Edwanls. Ml. 
A. R. Grote contributes the first of a series of papers on North Ainerieso 
pyralidte, which promises to be of great value. Dr. Elliott Oouea IudimK 
gives a long account of the birds observed by him b Montana and Dakota in 
187^74, in which tho umithologist will find many valuable notes on tbt 
habits of birds. 

The palieontological papers in thme two numbers are not numerow- 
Prof. Cope furnishes descriptioLB of new vertebmtes from the I'pper Terdarj 
and Dakota formations, chiefly uuunnialia and cbelonia, but including ako 
some other reptiles and species of Oraeuim, Antrr, and CV^mw, Among the 
mammHia we note a new pliocene Aachenia and a new genua (TVcAo^i^ifiut) of 
Orf odontjdFB from the Miocene of Montana. Mr. Scudder gives a pruliminaiy 
notice of some of the fossil iusi^rts which he has lately obtained in such 
astonishing abimdaoce from the Terdaries of Colorado and WyoiuiD(;, in- 
cluding A remarkably perfect fossil butterfly, which still shows the pattom 
^^uf its markings, and which he unmes I'rmtnjas pn-si-ji/iiiiu; a dipiuritua By 
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VaienJiiAut Jhrigerui) belcm^png to the family NameatrinidcD, a Longicom 
setle {Parotatnia r-uJii) belongiog to a group not now repreaant«d in North 
jautTU^ two BfeaeBolhomoptBn(Pelnil!/atraffiffantea and Aeru*), which he 
ig«n]s fts pgftntic alliea of our common froBhoppara, a ^reiit locustid {lAthym- 
mtet sftUtatut), a sleoder dra^n &y (Di/tagriiin fradericii), fossil niasaes 
lueg^ of a Corydalilei, and a Buppoaed ponorpid {Soivorpa mactilata), it 
■didder also mentioDS the discover; by Dr. A. O. Peale, near llie Grc 
Urer, of fosBil cases of caddis-worms, similar to tboso of the so-called 
adiuial limestooe of the Auvergoe, The fossil hird of Florissant (see p. 331) 
t described aod figured hy Dr. J. A. Allen. 

Dr. C. A. White describes some new species of invertebrate fossils from 
ht Laramie gpronp, and discuBsea the distribution of the fuesila in that group, 
•hicb iucludea the beds between the cretaceous Fox Hills group and the 
ertlary Wohsatch group. Prof. Calvin notices as a new member of the 
Jevonian some dark shales discovered below tlie llmeatoaesof that foimatton 
It Independence in Iowa, and di^cribes live new species of hrachiopods 
vhich he regards aa characteristic of this deposit. The \aat paper is a list of 
he nunerals of Nevada by Dr. W. J. Ilofiman. 

An unpretending but exceedingly useful Utile book, the preparation of 
vhich must have cost its authors an immense amount of labour, is " The 
liblingraphy of North American Invertebrate Pal!Bontolog'y,"*juflt iaaned 
a No. 10 of the " Miscellaneous Publications "' of the Survey of the Tflrrito- 
iea. It contains a complete list, with references, of all works and papers 
elating to the invertebrate fossils of North America, from the West Indies 
J Qreenl&nd *, and the value of the book is enhanced by the brief indications 
t the general nature of the contents of the articles which are generally 
ippended to them. This catalogue is divided into two parts, the first 
mbraciug works published in the Unittid States, the second those which 
lave appeared in British America and elsewhere. The foiiner is prepared 
,y Dr. C. A. While, the latter by our couutrj-nian, Prof. H. Alleyuo 
licholson. The beat thanks of paleeontolog'Iats are due to these gentlemen 
or performing a task so thankless in itself. 

While Dr. Hayden's operations are carried on under the auspices of the 
>epartment of the Interior, the United States Secretary of War has his 
wn survey, namely the geogi'aphical survey west of tbi; one hundredth 
neridian, imder the charge of Lieut, 0. M. Wheeler, the publications of 
rhich are almost as voluminous and varied as those of the older stalT. The 
ost published report of this survey ia by Prof, E. D. Cope, on "The Extinct 
I'artebrata obtained in New Meuco in 187'l,''t a quarto volume of nearly 
180 pages, illustrated with 8iS plates. In this valuable contribution to the 
lalseonlology of the western United Statea, Prof. Cope not only describes 



• '' Bibliography of North American Invertebrate PaltBontolo)n' ; Hiscet- 
aneous Publications, No. 10," by C. A. White, M.D., and H. Alleynu 
Jicholson, M,D., D.Sc, 8vo, Wasbinnfton, 1878, 

t " Report of the United .States Ge-graphical Surveys West of the One i 
hundredth Meridian, in charge of First Lieut. G. M. Wheeler, under the 
lirection of Brig.-Gen. A. A. HumphrBys, Chief of Engineers, U.S. Army," 
idrt II., vol, IV., Palffiontology, ito. Wa»hiDgtOB, Government Priotu^; ' 
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a great number of interesting fossil yertebrates, but also discusses tbe geolo- 
gical structure of the western slope of the Rocky Mountains and the plateau 
to the west of them in north-western New Mexico, in which he identifies 
probably Triassic strata of freshwater origin, and Cretaceous, Eocene, Upper 
Miocene, and Postpliocene deposits. The mesozoic fossils are very few, con- 
sisting only of a cretaceous fish apparently allied to MugUj and a few triasuc 
(?) CrocodUiay Dinosauriay and Sauropterygia. Besides these, Prof. Cope 
describes some fossil dinosaurian bones under the name of DyttrophavM vub^ 
make, obtained from the supposed triassic rocks of south-eastern Utah. 
The Eocene fossils, which are from the Wahsatch formation, are much more 
numerous, the total number of species here described being 87, of which 54 
are mammals, 24 reptiles, 8 fishes, and 1 a bird. The reptiles include species 
of crocodiles, lacertilia, and testudinata, the last order making up two-thirds 
of the whole. Among the mammalia, the carnivora, quadrumana, probos- 
cidea, and ruminantia are wanting, and no remains of edentata or chiroptera 
have been found. From tbe consideration of the fossils, Prof. Oope is 
inclined to correlate the Wahsatch formation with the Suessonian of 
Europe (Lower Eocene). In connection with this Prof. Oope has some 
remarks on the origin of the various groups of mammalia by descent, accom- 
panied by a new version of a table published by him six years ago. The 
Loup Fork formation, which Prof. Oope correlates with the European Upper 
Miocene, has furnished him with 34 species of vertebrata in the marls of 
Santa F^ in New Mexico, two of them being tortoises, three birds, and 
twenty-nine mammals. From Prof. Oope's point of view these mammalia 
exhiUt a dedded advance on those of the Wahsatch group, as they include 
a proboscidean {Mastodon productuSy allied to anffustidens), five camivora 
(four of them dogs or wolves), and eleven Artiodactyla, ginng a decided 
preponderance to the gyrencephalous forms. All these fossils are beautifully 
figured in the numerous plates, which, as we have already stated, accom- 
pany tbe volume, and place visibly before us the forms and characters of 
the magnificent series of remains of vertebrate animals which it has been 
the author's good fortune to work out and describe. 

Of State Geological Survey Publications, we have received a volume of 
the " Geology of Wisconsin,"* which, although professing on its title page 
to be the second volume, is in reality the first issued. The first volume, we 
are told by the chief geologist, Mr. T. 0. Ohamberlin, will contain " general 
conclunons that can only be arrived at after the completion of field work, 
and its appearance must be delayed until that work is accomplished.'' The 
State of Wisconsin occupies a large extent of ground between the western 
shore of Lake Michigan and the Mississippi river, and the work before us 
includes the details of the topographical and geological structure of all but 
its north-western portion. It is divided into three sections : the first, re- 
lating to the eastern parts, is by the Ohief Geologist himself; the second, 
describing the central regions, b by Mr. R. D. Irving; whilst Mr. Moses 
Strong gives an account of the lead region, a comparatively small district in 

• " Geology of Wisconsin, Survey of 1873-1877." Vol. 11. Accompanied 
by an Aths of maps. Published under the direction df the Ohief Geologist, 
by the Commissioners of Public Printing. 8vo., 1877. 
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tbe south-western comer of the State. All these gentlemen Heem to h&ye 
done their work In a moBt conscientioiia manner, and nlthongh prohablj 
roEoj dettiiU atill reiDAin to he inveiitig'ftted, the result of their inbours fur- 
niahes a very grood iden of the ^reological phenomena of this re^on. Ita 
•trocture, indeed, ia tolerablj simple. la the nortliern part of the State 
there is an inunense matw of cryslolliiie rocks, which are for the present re- 
farad to the LnurenliBn. These are partially overlain by quartjitea, ulates, 
jfcc, identified, with the Hiironian, nndlike it CDntaimngconxiderabie quantities 
of Iran ores ; and buth these arcbeean forniatdoos make their appefliruure now 
And then through theniore recent rocksof the other parts of the state. Eien 
these newer fiwroationH are all of very anrient date. In central Wisconran 
no rocks are met with youn^r than the Lower Silurian Trenton and Galena 
llmesloties ; whilst the eastern diTision contains the Cincinnati, Niagara, and 
Lower nelderberggroups,andalfioeThibitsa small deTelapmentofthenJunil- 
toD group of the Devonian. Above these Poheoxoic rocks there is nothing 
except the Drift and the Ohamplain deposits. Mr. C. W. Wright appends 
to the second section descriptions of the microscopic characters of a great 
niuuber of the crystalline rocks. Besides describing the eeology of the 
country, each author fumisbes details of the topofraphicni character and 
bydrulogy, and of the soils and vegetation of the region surveyed by him, so 
that ibe physical geography of the country ia pretty well worked out, and 
tiie whule is admirably Ulustratcd by the magnificent atlas of 14 large 
coloured runpsand sections which accompanies the volume. The book itself 
ia also profusely illustrated with plates and woodcuts. 

Not to be behindhand with its neighbour on the other side of the 
MimisMppi, the State of Minnesota has also its anrvej, directed by Profesflor 
N. H. Wlnciiell, which is placed under the care of the Board of Regents of 
the University of Minneapolis. It has the title of the neoUigical and Natural 
History Survey of Minnesota, and its fifth Annual Report* has jui^t reached 
OS. liuB includes reports on the geology and surface features of Houston 
and Hennepin counties, in which iba phenomena presented by the drifts are 
especially dwelt upon, and the question of the time occupied in the recesrion 
of the Falls of St. Antbony, which was briefly referred to in our last num- 
ber (p. 310), is treated in considerable detail. The botanist, Dr. A. E. 
Johnson, contributes a list of the known fungi of Minnesota, which is of 
interest to the student of the geographical distribution of those plants ; and 
the Entomologist furuiahes a long report on the evil-doings of that scourge 
of the American agriculturist, the Rocky Mountain locust, The other con- 
tributions are chiefly of local interest, except the description of a new species 
of Ct/dopg (C hngiconta) by Mr. C. L. Herrick. Tlie illustrations conust 
iflf a few woodcuts and several maps, some of which ore coloured. 

The report of the United States Comniijsion of Fish and Fisheries for 
'6-76t, which has recently appeared, relates more specially than some 
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" The Geologicsl and Natural History Surrey of Minnesota. The fifth 
annual report for the year 1876." 8vo. St. Paul, Konear Press Company, 
1877. 

+ !' U.S. Coramiiwion of Fish and Fisheries." Part IV. Report of the 
Commission for 1875-7(1, Hvo. Waahinglon Goveminent Printing Office, 
1878. 
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former reports to the question of the falling off in the supply of food fishes 
and the means to be adopted for restoring it to a satis&ctoiy condition ; in 
an appendix exceedingly interesting details are given with respect to the 
vigorous attempts which have been, and are still being made, to restock the 
fresh waters of the United States with those valuable species of fishes, 
especially salmonidsB, which formerly swarmed in them, but have given way 
before the rapid increase of population. But the greater part (nearly 800 
pages) of the stout octavo volume before us is occupied by a most elaborate 
report on the history of the American whale fishery, from its commencem«nt, 
in the year 1600, to the present day, illustrated with six plates, giving outline 
figures of different species of whales and the instruments used in their cap- 
ture, and accompanied by a tabular list of all the voyages that have been 
made by American whalers and their results. As a statistical record this will 
hs found of the highest value. 



4 

UKETS DIOTIONARY OF ARTS, MINES, AND MANUFAOTURES : 

SUPPLEMENT.* 

ON the completion of the third volume of this Dictionary, in 1873, it was 
found that several of the articles contained in the earlier portions of 
the work required amplification, in consequence of the rapid advances which 
had taken place in the various applications of science. In order, therefore, 
to bring up the information to ihe present date, as well as to record the 
general progress of mining and metallurgical invention, the present supple- 
ment has been written. In carrying out this work Mr. Hunt has seemed 
the assistance of gentlemen practiokUy acquainted vrith the various sub- 
jects on which they have written, and has also been furnished with infor- 
mation by various correspondents possessing spedal information upon the 
subject of arts, mines, and manufactures. Obligations are also freely 
acknowledged to such journals as the ''Engpmeer,'' *' Engineering,'' the 
"Chemical News," &c., as well as the ''Transactions of the American 
Institute of Mining Engineering," the " Journal of the Franklin Institute,** 
and the " Mining Journal of New York." 

Among the more lengthy communications is a valuable article on the 
'' Manufacture of Boots and Shoes by Machinery," by Mr. R. Meade ; this 
extends over about thirty-five pages, and is illustrated by numerous wood- 
cuts of the most modem machinery and appliances employed in that branch 
of manufikcturing industry. From the statistics accompanying this article 
it appears that our largest customer for boots and shoes, of all kinds, is 
Australia, to which colony, in 1875, no less than 185,688 dozen purs were 
exported ; while the next largest amount, namely, 94,153 dozen pain, was 
sent to British possessions in South Africa. 

Mr. John Darlington contributes papers upon " Ore Dressing " and " Rock- 
boring Machinery," in which he has collected much valuable informatioii 
upon a subject to which he has devoted conaderable attention. Mr. G. A 
Oowper's articles upon ** Furnaces and Hot-blast Stoves " are sound and 

* "Ure's Dictionary of Arts and Manufactures.'* By Robert Honty FJLS., 
ACs VoL IV. — Supplement. 8vo. London, Longmans, 1878. 
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pnetical ; and the '' Diamond Mines of South Afirica ** are well described by 
Mr. Francis Oats, who for some years occujned the position of Provindal 
Mining Engineer at Kimberley. Mr. Robert Oxland, of Plymouth, furnishes 
a description of his rotating calciner for sulphurous and arsenical ores ;'and 
Mr. Thomas Andrews, of Edinburgh, gives an article upon the " Mineral 
Oils used for Lighting Purposes.'' 

The shorter notices have been carefullj^repared, and supply information 
upon such recent discoyeries as the telephone and phonograph. The Supple- 
ment to " Tire's Dictionary " is in every way worthy of the original work, and 
will fonn a valuable addition to the library of the miner, manufacturer, and 
metallurgist. 

THE SIGHT.* 

DR ANGEUi'S little book on ^ The Sight " is intended by its author to dif- 
fuse generally a knowledge of the phenomena of vision, and to furnish 
the public with r^ble information as to the means to be adopted for the 
preeervation of the faculty of sight. In (ace of the increasing prevalence of 
weak sight among us, it must be confessed that this object is a most important 
one, and we can only express a hope (not a very sanguine one, however) that it 
may satisfy the author's aspirations. If it fails, it will not be his fault, as 
his book is certainly one of the best adapted to its purpose that we have 
aeen. The use of technical language is avdded as much as possible. 

Dr. Angell furmshes his readers with a short description of the structure 
of the eye, so as to explain how we see, and what are the causes of defective 
Tision. He then proceeds to the discussion of the various kinds of defective 
vision, their causes and remedies, or at all events the best modes of ameliorating 
those defects of vision which steal upon us in consequence of increasing years 
or fidlure of the eye at an earlier age. His remarks upon near sight in chil- 
dren and young people and its causes are of great importance. 

There are one or two p(nnts to which we may refer. — At page 42 the 
antiior says that '* twenty-five men in every hundred are more or less colour- 
blind : they cannot distinguish red from green." This ratio is much higher 
than is generally admitted, though perhaps very slight degrees of colour- 
KKmlTiftiia may occur in such proportions. On page 29, line 22, the eye in near 
nght is said to be " adjusted or accommodated " for a point nearer than the 
object looked at ; the use of these two terms is unfortunate, as they are tech- 
mcally used to signify the change in the refractive state of the eye brought 
about by muscular action. The refractive state of the eyeball in near nght 
is dependent on the construction of its media, and would continue in a dead 
eye if this preserved its shape and clearness. The true sense of acconunoda- 
tion is given by the author at page 12, but it might easily escape the memory 
of a reader interested only in near sight. These and one or two other small 
matters which might be cavilled at are, however, of littie consequence, and 
we may recommend Dr. AngelFs book as a very clear and comprehendve 
tieatiae on the management of the eyes. It is freely illustrated. 

• *' The Sight and How to Preserve It."— By Henry 0. Angell, M.D., Pro- 
fessor of Ophuialmology at Boston University, sm. 8vo., London : Hardvricke 
and Bogue, 187a 
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POPULAR SCIENCE 



TELEGRAPHY.' 



r[8 is eaMDtially a worldti^ book, and its value in tltia e&pBdlrnif W 
appreciated from the fact tlint it U now in ila sevenlli edition. 

The telegraplu in Great Britula and Ireland haviog now pKSBed intoltl 
hands of the StAte, a sketch of the hiaCoiy of the Bi^etem is giren hymji 
introduction. 

This Dolea the joint patents of Cooke and ^lieatstone b 18.37, «Ud M 
demonstrated the practicability of the plan on nneiperimentid circuit T 
Ji^uston and Camden Town, followed in the next year hr as actual < 
telegraph between Paddingtdo and West Drayton. Tlieae patents mn 
purchnsed by the Electric and International Company, iacorponitad by i« 
of Parliament in 1840, but for several yeaiB proved to be p«cniiiari)j 
profitable. 

At first the double needle waa uaed for the more iinportoat drctiit*, 
single for the less important. 

The former was superseded by Bain's chemical recorder, and this 
gave way to Morse's ink-writer, the single needle holdifig its place iaow- 
sequenca of the eaae with which it is kept in order. 

The mafrnetic instrument was found to be laborioua in manipul 
Brigbt's bell instrument leaves the hands free for writing tbe message. 
United Kingdom Company used the Morse and Hughes's systems only. 

The first mi chapters, occupying 113 pages, are devoted to the UwteT 
electricity generaUy; the seventh and eighth, amounting 
ncplaln construction and modes of testing. Part IX. is concerned wiA 
apparatus, relays, duplex working and Hughes's inatrumetit ; Part. X. «ith 
submarine telegraphy; Part XI. witli automatic telegraphs which woorf 
their signals ; the twelfth and last section with recent invention*, the 
phone and the quadruplex sytitem. 

Valuable tables oflogarithms, measures, Constanta, giiages andi 
conclude a very pra'Mical work. The teit is illuatiBted with 
figures and diagrams -, and simple numerical examples are introduMd &tij 
wherever they are needed. 

w. n. skot. 



PnOTOORAPIIY.t 

ANYTHING Captain Abney may publish on the subject of PhoUi^pliy 
is sure to be of value, The present work is stated to be supplenuokJ 
by that on " Instruction in Photography," by the same author; it liafiig 
been found impossible to compress the neceisary matter into a singU mhiat. 



* " A Handbook of Practical Telegraphy," by R. S. Cnlley. 
Edition, revised and enlai^d. London : Svo. pp. 46«. lAingmana, IWB. 

t " A Treatise on Photography," by W. De Wivelealio Abnev, Oaptafal 
R.E., F.R.B.. &e. : am. 6vo. pp. 320, Loudoo : Longmans, 187H. I'm felft 
of Science. «*■ 
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HfiDoe this is devoted lees to what may be called eommeicial applications of 
the art, and more to the theoretical aspect of the subject 

It commences with a historical sketch of the early experiments of 
Wedgwood, Niepc^, Dagnene, and Talbot, occupying five pages, followed 
hj four pages c^ experiments on light These bear traces of haste, due 
probaUy to the necesnty for great condensation. For instance, silver chloride 
is described as luna comita, light as 9k fluid, and parallel rays in the dark 
chamber are made, by the illustration on page 7, to pass with unaltered 
panllelism through a condensing lens and a prism, and still uninyerted, to 
give a real image on a screen. 

With Chapter HE., containing the theory of sensitive compounds, we 
leich more congenial ground, and in the 36 chapters which follow, it is 
nmarkable how much practical information has been condensed into a littie 
over three hundred pages. Indeed it is not possible with limited space to do 
more than enumerate the chief topics introduced. Sensitive silver, iron, and 
chromium salts; asphaltum, dyes, chlorine and hydrogen, sulphur and anti- 
moniuretted hydrogen as influenced by light, form the bulk of the fourth ; the 
dagoerreotype, collodion, the wet process, development, intensifying and 
filing, each furnishing successive chapters. An account of wet-plate manipu- 
kiion, and its defects, both in negative and positive pictures, is followed by 
diy plate, gum, gallic, and albumen-beer processes. Emulsion processes, the 
gdatino-bromide and calotype processes, are each separately described. 
Silver printing and its manipulation b adverted to at some length ; as is 
printing with iron, uranium and chromium salts. Photo-lithography, photo- 
engraving and photo-collotype bring to an end the list of methods. The 
twenty^niutfa section describes the lens, and the thirtieth the camera, tents, 
dark roomSi and other apparatus. It may be noted here that perhaps the 
laws of refraction, dispersion, aberration, conjugate foci, and some other 
common places of optics, in a case where space is evidentiy precious, might 
weU have been left to rudimentary text-books on that subject. Ohapterthirty- 
one on the picture, the choice of a point of view, grouping, and composition, is 
of Temarkable value, illustrated as it is by some charming littie woodcuts. A 
stranded boat by Manners Gordon, and a view on the Thames by Woodbuj^ 
positively light up their respective pages. There is a return, in the three 
following chapters, on actinometry, photo-epectroscopy, and thermal photo- 
gmphy to purely theoretical considerations ; and in those on solar, stellar, and 
celestial work we have a good rSmmi of the astronomical value of this fasci- 
nating art Micro-photography, and some miscellaneous applications, such as 
that to meteorological registration, to military service, and to the identifica- 
tion of criminals, conclude the work. 

In another edition, the feeble woodcut of temporary photo-spectrum 
apparatus at page 266, the description and drawings of Mr. Browning^s 
automatic arrangement, and of Stoney*s Heliostat, might well be omitted in 
&vour of more specifically photographic apparatus. But there is much 
valuable material in the book. 

W. H. Stonb. 
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SPECTRUM ANALYSIS.* 

rPHE demand for a reprint of this work within a few months of its first 
-L issue is, of itself, evidence of the interest which it has desenredly ex- 
eited. Nor is there any difficulty in explaining the fact, since it distinctly 
occupies a gap, and fills up a lacuna left by such excellent treatises as those 
of Roecoe and Schellen. It does not even clash with the same author's 
other volume on working with the Spectroscope, published by MacmUIan. 
The discovery of spectrum analysis has indeed opened such a yast and new 
field to human observation, that there is abundant room, nay, imperative 
necessity, for manuals and treatises of very diverse nature. This is weU 
described in its opening sentence : '' The work of the true man of sdence,** 
says the author, '^ is a perpetual striving after a better and closer knowledge 
of the planet on which his lot is cast, and of the Universe in the vastness of 
which that planet is lost. The only way of doing this efiectually, is to pro- 
ceed as graidually, and therefore as surely, as possible, along the dim un- 
trodden ground lying beyond the known." 

Whereas former works have been dogmatic, descriptive, and educatiooal, 
this rather aims at being tentative, inductive, and experimentaL 

As the whole subject is to many readers new and unfamiliar, the fint 
forty-dx pages have been devoted to a pricis of the great generalixatioii of 
waves and wave motion on which modem physics rests. These we may be 
excused for passing over in a brief notice like the present. The second 
chapter deals with modes of demonstration and laboratory work. Here we 
at once find matter of specific interest. 

Attention is caUed to the difierence between the ordinary spectroscope 
and one that has a lens before the slit. If light be allowed to enter indis- 
criminately as it emanates from a complex source, in each part of the spec- 
trum we get an ** integration " of the light of the same wave-length pro- 
ceeding from all the difierent light-waves. But if by means of a lens we 
form an image of the source, so that each particular part shall be impressed 
in its proper place on the slit, then in the spectrum the difierent kinds of 
light will be sorted out, and if there be any variety in the phenomena whicb 
these difierent sources of light present, they will be all clearly shown in the 
spectrum or its photograph. We turn the spectroscope firom an '^Integratar" 
into an '* Analyser." The slit for a vertical image of a candle, for instance, 
requires to be placed horizontally. We then get three perfectly distinct 
spectra indicating the coexistence of three light sources, each with its proper 
spectrum, in the light of a common candle. 

This mode of observation, originally proposed in 1866 by the author, for 
the examination of minute portions of the Sun and his surrounding atmo- 
sphere, has been adopted in most of the work subsequently detailed. In a 
photograph of a horizontal electric arc, thrown by means of a lens on s 
vertical slit, it is shown that the spectrum consists of a large number of 
lines of difierent lengths in the " core " or centre of the arc, all of which die 



• f* Studies on Spectrum Analysis." By J. Norman Lockyer, F.R.S. Gr. 
o. Di>. 268. Kegaa Ptral & Oo» Intenma.Uonal Scientific Senes. Seooad 
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a alone and much Inigfatec tfaui 
Una rCTtiaining after tbe others hare ^MKppetnA. " Tbe spectroscope, thu» 
armed, is in bet a nev iDstnimeiit.'' 

Badiation and alK>orptioa phenomaia are next deaeribed, and K>me cbarm- 
ing modes of demoastration, wbicb space alone excludes bere, are deecribed. 

The third chapter deals with Bpectmm pholographj. Its hiFtory is giTen 
in Mr. Lockrsr'a brilliant style, and vrill wall repay raading, especiaUr Iu9 
quaint deacription of Mr. Rutberfotd's telescope "through which it b im- 
powible to see aoytbing, but tbrougb which tbe ininateet star can be photo- 
graphed with the most perfect sharjuiesB.*' 

He then describee his own arracgnneats, especially that of the fivefold 
slit, and the various means of compartng spectra. Here, as in the frontis- 
piece, and in fonr other caam, we find a striking whole page illustration, the 
reproduction of a photograph, the method of obtaining which does not 
appear to be given, but which scema to be lithographed b a grey pigment oa 
black paper. 

Chapter TV. conaders Atoms and Molecule; spectroscopicaily. After ft 
recapitulation of modem views as to tbe molecular condition of matttr, 
tweuty-ooe propositions are in turn discused, many of which are of 
the highest importance. A few of lh^*e may he noted : (5.) The spectra 
of both elementary and compound bodies vatv with vaijing degrees of heat. 
(7.) There le spectroscopic evidence that matter is continually broken up as 
the temperature rises. Five stages of this process are ^ven : a. Line spectn. 
8. Fluted spectta. y. Continuous absorptioo at the blue end. 3, The same 
at the red end. «. '■ Unique " (Complete ':) continuous absorption. (12.) 
Particles abeorb light of the same wave-length, and greater amplitude. 
(20.) Some vibrations are very closely connected with others, as evidenced 
by repetition of similar ^ups of lines in difieient parts of the spectntm. 
For example,— in sodium the longest line, O, is double. So are all the lines. 
In magnesinm the longest tine is triple. So is that in the violi^t. Iiong and 
short lines are treated next, and the spectra of salts follow. In the section 
on disBodation, the chemist, in the separelion of elementary bodies, is shown 
to net mainly by means of vibrations. " He finds the world composed of 
molecules in millionfold complexity, combination, and site, and he acts upon 
these molecules by vibrations. For gross molecules be finds in heat most 
that he wants ; hut when the molecules are more delicate, then electrid^ is 
called in." Vnth the aid of the spectroscope, additional help is afforded in 
the study, both of the quantity and quality of dissociation, and it is found 
to afford precious suggestions regarding clmnpe of molecular structure, Tbe 
cuucluaions come to are : (I .) That a compound body has as definite a spec- 
trum as a simple one ; but while the spectrum of the Mmple metal conmsta 
of lines, the number and thickness of some of which incneaee with molecular 
approach, the spectrum of the compound consists in the main of channelled 

toeaand hands, which increase in like uaimer. Both spectra have their loi^ 

1 ahort line*. (2. ) That tiia heat required to act on a compound so as tO' 
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render it visible, dissociates the oompound according to its volatility ; the 
number of true metallic lines which thus appear is a measure of the disso- 
ciation ; and as the metal lines increase in number the oompound bands thin 
out. This principle is applied to the dissociation of the so-called elements, 
especially calcium. Evidence in favour of this is derived first from a series 
of five spectra of this substance at different temperatures, and secondly, 
from the remarkable photograph o£ the spectrum of a Lyrse obtained by 
Mr. Huggins, in which only one of the solar h lines is represented. 

If the elements be really compounds, these must have been fonned at veiy 
high temperature, to which, by theory, there is no superior limit. If calcium 
be a distinct entity, by working at it alone, we shall never kn9w *' whether 
temperature produces a simpler form of the same thing, or whether we 
actually break it up into x + Y, because neither x nor Y will ever vary. If 
it be a product of lower temperature, then in stars hot enough to enable its 
constituents to exist uncompounded, we may expect them to vary in quan- 
tity, and a Lyrffi would thus represent an extreme case.' 

An attempt at Quantitative Analysis by means of the spectrum is the 
next topic introduced, an idea first suggested by Janssen, and demonstrated 
by FranUand, who showed that the spectrum of hydrogen at a pressure of 
^0 atmospheres is as continuous as that from burning coal. In the solar 
spectrum the line in the green widens toward the Sun, indicating an approxi- 
mation to a continuous spectrum ; at 20 atmospheres it would be continuous. 
Increase uf pressure is therefore the determining power. If so, the same 
lines should become thinner with decreased pressure, and thicken with its 
increase. This they do. There is, therefore, '* individuality " in the spec- 
tral lines. Experiments by mixture were made to carry out this idea. 
Alloys of silver and gold obtained from the Royal Mint were also employed 
for the purpose, the results being represented by curves, the co-ordinates of 
which showed the composition of the alloys as determined by the ordinary 
method of assay, compared with the varj-ing points of equal brightneds 
measured by the micrometer of the observing telescope fitted with movable 
horizontal wires. The parting assay determination, when revised, was 
almost identical with that of the spectroscope. 

A chapter on coincidences of spectral lines, and the elimination of those 
due to impurities, leads to the tenth and last on the elements present in the 
3un. Kirchhofif and Angstrom's work b reviewed ; it is shown that wheo 
the spectra of metallic vapours reversed in the solar spectrum are mapped bj 
the new method, the reversed lines are invariably those which are longest in 
the spectrum. It was thus at once seen that zinc, aluminium, and, possibly, 
strontium must be added to the table of solar elements. 

As a preliminary, two lists were formed, one containing solar, the other, 
non-solar elements. The former were foimd, as a rule, to form stable oxygen 
compounds, and others of this group were then sought for. Cadmium, lead, 
copper, cerium, and uranium were provisionally added to Thal^n's last list 

As the final result of laborious work, three tables are given : the first, of 
elements whose presence in the Sun's reversing layer has been confirmed, 
amounting to 22 ; the second, of those whose presence is probable, in num- 
ber 10 ; and the third, of elements absent from the Sun, according to our 
pretent knowledge. Theae «x« caxbon, silicium, and thallium^ chlorine, bro- 
gue. 
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metals are described in an order conaiatent with the anangpement of tiiB 
more typical elements. 

The formnl» used are substantially those employed in the last effitkif 
and wherever the constitutional formuln suggested by Dr. F^anUand si 
introduced, they are enclosed within square brackets to indicate that Abj 
are an interpolation in the orig^al work. The whole bears eridenee of 
careful revision, and many additions, particularly in the partialis defOleA 
to the non-metallic elements, have been made. The metallurgy of ill tk 
more important metals is described with sufficient detail to aibrd geaenl 
ideas of the various processes employed ; but in the case of iron, tke 
production of which gives rise to one of our most important teehmol 
industries, its metaUui^ is given with conaiderable detafl. Seetbna t» 
introduced on the recently discovered metals, gallium and davymn; a 
copious index has been supplied, and every care appears to have been takni) 
not only to insure great accuracy, but also to render the informatioa 
furnished readily available. 

This work can be equally recommended to the beginner and to the advaneei 
student of chemistiy, since whilst it leads the former over a judiekraalj 
traced route to an acquaintance with that science, it at the same time affixdi 
the latter a well-Arranged and reliable book of reference. 



SCIENTIFIC SUMMARY. 



ASTHONOMY. 

DM 0/ JiUy SJ>. — Uudoubudly the obeerTstionB made during tba 
ee form the ehief fenture of the oatronoin; of the last quarter. It 

s thought by luauy that little of imporlauce would bu lenrned. We arfl 
told, indeed, tb&t one dieting-uiBkud American astronomer declined to t-isit 
tbe shadow-tiack, on the ground thiit eel J puss were " played out." But the 
obiervationB were, \a reality, of extreme inlerfat and importance. 

In the lirat place the eitensioa of the corona ontwardH into tbe zodiacal 
lig-bt has at liist been demonstrated. Few who hare studied eclipse pheno- 
mena carefully have doubted that the outer corona belongs to the cote of 
the zodiacal li(;ht, but thia could not be aaid to be demonatrated observa- 
tionally until the zodiacal light had actually been seen during total eclipses. 
Hitherto observers had failed ^ etiect thia. During tbe eclipse of December, 
1S70, i'rofessor Newcomh amployed the method auggeated by Mr. Proctor ft 
few months earlier, concealing the lighter part of the corona, and thus sn- 
sbling the eye to search mare effectually for the fainter light of the zodiacal. 

But he failed on that occasion, the air being hazv at his station, and tha 
circumstances otherwise unfavourable for an observation of so delicate ft 
nature. Last July he repoated the attempt, and was rewarded with com- 
plete aucceas. Stationed high above tbe sea level, and obser^dng through la 
atmosphere of the utmost purity, he was able to trace a faint luminoMty 
outside the corona proper, to a distance of six degrees from the eclipsed sun, 
nearly in the direction of the ecliptic. Profeasor I^ngley, on the summit of 
Pilce's Peak, 14,200 feet above the sea level, saw the corona elongated m the 
same direction as the ecliptic. He says : " It resembled the zodiacal light 1 
I followed it in the moat transparent atmosphere to a distance of twelve 
diameters of the aun on one ^de, and three on the other." Professor Cleve- 
land Abbe, who waa to have observed the eclipae from tbe same station, vraa 
taken ill tbe day before, and had to be removed to the Lake House (hotel), 
10,000 feet above the sea level. He bad no instruments. But ha\ing re- 
covered sullicicntly by Monday afternoon to bo carried out to a slope facing 
westward, he then obaerred the corona with the naked eye during the whole 
of totality. He did not notice the bint luminosity, extending to ■ distance 
of twelve solar diameters, which Newcomh and Lnogley saw, but he obtained 
a more aatisfactory view of coronal details (may we not nlmost say zodiacal 
la f) to a distance of about ax diamelera. In the directiou of the 
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ecliptic he saw a long pointed ray on tlie east of the son, extending to 
this distance, while on the west of the son, and as if forming a pro- 
longation of the pointed ray, was a fan-shaped ray only about half as long. 
At right angles to these long rays were two others forming a similar system, 
the uppermost was pointed, and extended to a distance of about five diameters, 
the lowest was fan-shaped, and extended to a distance of about one and a half 
diameters. Professor Abbe considers that these were meteor systems — '' not 
such meteors as some suppose to be fiEdling into the sun daily, but the grand 
streams of meteors that cause the numerous shooting stars of August and 
November, and of the existence of which there is indubitable prool'' In this 
form his explanation is certainly untenable; for the position of the August 
and November meteor systems is knoYip, and they could not possibly have 
presented the appearance observed by Abbe. Nor, indeed, is it possible that 
these systems could be visible during total eclipse, for they are too sparse and 
too far from the sun. Whether other meteor systems much denser, and 
more fiiUy illuminated because nearer to the sun, can explain the appeal^ 
ances seen by Professor Abbe, is a question not to be quite so readily answered. 
But the probabilities seem enormously against the theory that separate 
meteor systems produced the observed phenomena. Probably the radial 
extension of the light is to be explained in the same way as the extension of 
comets' tails in the direction from the sun. But as yet this phenomenon has 
not been explained saUsfactorily. 

The theory that the outer regions of the corona, and especially the long 
rays, are either merely subjective phenomena, or phenomena of our own 
atmosphere, has been finally overthrown by the eclipse observations. 

The Corona during the late Edipse. — It was generally agreed that the 
inner corona was much less extensive than during the eclipses of 1870, 1871, 
but that it was very bright to a height of b\ In some accounts it has been stated 
that the spectrum of the corona did not show the green line 1474 Eirchhoff. 
But Professor Eastman traced it on all sides to a distance of two-fifths of 
the sun's diameter from the moon's edge. Mr. Thomas, and other obeervexs, 
also saw this line. It seems clear, however, that the gaseous matter to which 
this line is due did not extend nearly so far fix)m the sun as on former 
occasions. 

Pfiotographing the Coronds ^)ectrum, — It has been asserted that the spec- 
trum of the corona was photographed on this occasion in such a way as to 
show that those (including Oaptain Noble, and Messrs. Proctor, Ranyaid, and 
Brothers) who predicted, in 1875, the failure of the methods proposed for 
photographing the corona, were altogether mistaken. This, however, b 
remote from the truth. In 1876 a method was proposed, which involved, 
among other objectionable features, the use of a prism in front of the object 
glass. And what was then aimed at (what, in fact, was promised by those 
who planned the operations), was that separate views of the corona by the 
green light corresponding to 1474 Kirchhoff, and by the light corresponding 
to the hydrogen lines, would be obtained for comparison with photographs 
of the corona by the whole of its light. In other words, we were told ^lat 
by this method it would be possible to show how far the hydrogen oonsti- 
liiAnf. and how far the constituent corresponding to the line 1474 Kirchhoff, 
ito the corona as seen by the naked eye, or as photographed. It 
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was this that the objectors said could not be achieved by the plan then pro- 
posed. If new plans had succeeded, during the recent eclipse, in achieving 
that very result the objectors would not have stood corrected. By the use 
of the Ratherfurd grating the chance of success was unquestionably greater 
than it had been in 1876. Moreover, terrestrial conditions during the recent 
eclipse were altogether more]&vourable than those of the eclipse to which 
their remarks related. But in reality, notwithstanding the greatly increased 
chances of success, and a marked improvement in the method of attack, the 
attack has failed as completely on this occasion as it failed in 1875. The 
spectrum of the corona has indeed been photographed. No one ever said 
that this could not be done, or even that it involved any difficulty. The 
spectral images of the corona, however, were not shown, even near the sun, 
where we know (from the observations of Eastman, Thomas, and others) 
that they undoubtedly existed. Dr. Draper, Professor Thorpe, and Mr. 
Lockyer all photographed the spectrum of the corona ; but as Mr. Lockyer 
says, who certainly was not disposed to minimize their success, " we had 
photographed as continuous a spectrum as if a platinum wire or bail in a 
state of incandescence had been in front of our instrument, instead of a shell 
of hydrogen gas 6' high as in 1869, 1(/ high as in 1871." In other words, 
the method entirely fEuled to do what it had been expected to do, and what 
in 1876 Mr. Lockyer and others had promised for it. We do not doubt that 
the circumstances were in reality far less favourable than they had been in 
1669, 1870, and 1871. For the 1474 line was very faint, f alone of the 
hydrogen lines could be seen, and no observer saw the spectral images (as 
distinguished from the spectral lines) of the corona at all. But to describe 
the fiiilure of the method, however brought about, as involving the disproof 
of objections formerly urged against it, is absurd in the extreme. The 
objectors said the method would certainly fail in 1875, and it did then fail 
entirely. They were doubtful whether the improved method devised for the 
late edipse would succeed, and it has not succeeded. Hereafter, under more 
&TOurable conditions, and with improvements in photographic appliances, a 
method may be demised for obtaining photographs of the spectral images of 
the corona ; but that certainly has not been done yet, nor if it had been done 
would it have shown that the objections urged in 1875 were invalid. The 
validity of these objections was, in fact, demonstrated effectually and defi- 
nitely by the results obtained during the eclipse of that year. 

Polarization of the Corona. — The majority of the observations showed that 
the corona was polarized radially. But Professor Hastings believes that he 
obtained satisfiEuitory e\idence of tangential polarization. He explains what 
he saw by the theory that there are ice-cr3rstals in the corona — which, to say 
the least, seems unlikely. 

Heat of the Corona, — By means of his wonderfully delicate heat-measuring 
instrument, the tasimeter, Mr. Edison succeeded in proving that the corona 
emits or reflects an appreciable amount of heat. He was not able to measure 
the heat of the corona, however, in this way, simply because the instrument 
proved to be too delicate. The indicator went quite off the field of Wew, 
and before it could be brought back totality was over. 

IrUra-Mercurial Planet. — Professor Watson and Mr. Swift both recognized 
a star of the 4th magnitude, or rather less, close to Theta Cancri. WntAou 
found that it had a recognizable disc with a magnifying power < 
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f f It WM not the bright nttcleiis of a comet it must have hecn a pinec. It 
Appeam, from calculfttions made by Oaillot, director of tlie Bareaa dea Cakals 
that the obnerved place of the stranger agrees fairlj with one of the oriiti 
assigned by Leverrior t<> Jjescarbault^s Vulcan. If it should tnni oat tkt 
the stranger really is Vulcan, this planet travels roond the sm in a penod 
less than that in which the sun rotates on his axis. Its period is ahoat U^ 
dayny its synodical period about 26 days, its mean distance from the mb 
alMHit 1 5,0(X)y(X)0 miloM. Professor Watson remarks that in superior cos- 
junction the Mtar may appear of the first magnitude. Bat if he eould delees 
no dopartunt from the circular form (and he writes ^ there was no appear- 
ano4f of elongation such as might be expected if it were a comet '^ the planet 
could not havo been far from superior conjunction. Yet (Ullot says ''that 
If the new lK>dy were Vulcan, only a very small part of the disc woold baie 
been illuminatifd." The inference seems to be that either G^aillot's theoijof 
the new )N)dy must be erroneous, or else Watson's failore to recognixe aur 
di^parture iVom circularity was inexact to a very remarkable degree. On the 
whole, while tlie exlHtence of an unknown body close to the sms on July ^ 
last swuns very dearly made out, the identity of this body and Lesctrlsolfa 
Vulcan s4*enij« vi^ry far fVom being established. 

Maym^tie and Electric Action in the SwCb Atnumpkare, — ^M. Oonni, from 
an Inviwtlgation of bin spectroscopic observations, has arrived at the coodiH 
sion that the dark lines in the solar spectrum indicate the action of ia 
absorbing atmosphere similar in its constitution to volatiliaed meteoriiee. 
From this| he infers that the enormous mass of the sun's atmosphere, eoo* 
taining, like the meteorites, a large proportion of the vapour of iron, exe^ 
oist^s an appn«ciable action on terrestrial magnetic phenomena, so that the 
diurnal variations of the mnsdle would on this view be due to the direct 
magnetic action of the sun. He argues that, although iron when heated to 
incandeMcen(M) lom^s its attraction on the magnet, it has not been proved that 
the attra(!tive for(H» is reductnl rigorously to zero, and there may be sufficient 
l(*ft to exercise a very ajipreciable action on the earth. M. Coma also con- 
sidi^rs that the earth, having probably a common origin with the sun, maj 
also be largt^ly compomxl of iron — a supposition which would explain terres- 
trial magnt^tisni. Oonsidt^ring that the solar prominences show a spectrom 
iditntical, in the n^lative brightness and sharpness of the lines, vrith that of 
highly rart^fit^ hydrogen n^ndered incandescent by the electric discharge, 
M. (>omu thinks it probable that, appearing as they do in the neighbour- 
h(K)d of faoulie and spots, they represent masses of gas traversed by indoo- 
tion currents in the neighbourhood of magnetic or electric regions in rapid 
motion, and that, as M. Fizeau has already pointed out, they areanalogoos 
to the terrestrial aurora. The prominences being, on this view, simply dae 
to the illumination by induction currents of masses of rarefied gas, their 
rapid extension and sudden disappearance would be explained without having 
recourse to the hypothesis of jets of gas having velocities of hundreds of 
miles in a second. 

Flanetary Phenotnenn for the Quarter, — Neptune will be in opposition to 

the sun on October 31, at 10 r.ic. Vehus will be in superior conjanction 

with the sun on December 5, 6 p.k. Mercury will be in superior conjunct 

'^ber 24, at 8 p.ic., and at its greatest easteriy elongation (20}^ 

^ at 4 T.IL. 
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BOTANY. 

Ifuedtivorous Hants, — ^M. Hochstetter argues in opposition to the opinion 
pat forward by Darwin and adopted by many natuntlists, that the insects 
captured by various plants serve them as nourishment. (''Wurttemb. 
naturwiss. Jahreshefte," 1878, p. 106.) He divides insecticidal plants into 
±hree categories: — 1, Those which em,it a tenacious fluid from various parts 
^ which insects stick ; 2, those which possess spedal organs (pitchers, &c.), 
into which insects make their way, and are either drowned in a fluid con- 
tained in the cavity or prevented from escaping by hairs or other mechanical 
ineans ; and, 3, those which capture insects by means of irritable leaves 
or glandular hairs. 

The first group, which is very numerous, has never been supposed to 
'^lerive any benefit from the captured insects. This is not the case with the 
second, including the pitcher plants, &c., for the insects drowned in the fluid 
•contained in the cavities presented by their peculiar organs are believed to 
tdd in the nutrition of the plants. M. Hochstetter says that, so far as he 
knows, nothing has been ascertained in support of this opinion ; [but it has 
been shown that the fluid from those pitchers exerts a digestive action upon 
animal substances, and contuns a principle related to pepsine, although, we 
believe, no one has attempted to show how the products of such digestion may 
be absorbed by the walls of the cavity]. M. Hochstetter says that his observa- 
tions on NepeniheBj Sarraceniaj and Cephalotua show most clearly that the 
pitchers of those plants which contain many dead insects die off much sooner 
than those in which none or few are to be found. 

It is in the third group that the most striking instances of supposed 
iDsectivoroas plants are to be found. Of these it has been affirmed that, 
after insects are captured, the plants excrete an acid fluid at the points 
where they are in contact with their victims ; that this is allied to propionic 
add and even contains pepsine ; and that by means of it the soft parts of the 
Insects are digested just as if they were in the stomach of an animal. 

The author notices the peculiarities of the three genera, DroserOf Droso^ 
pkjfUum, and Dianaa, upon which most of the observations in this direction 
have been made, and, whilst giving all credit to Mr. Darwin for his valuable 
investigations upon this interesting subject, urges certain objections against 
Hie view that the plants are nourished by the insects they capture. His first 
objeetiony that the leaves of plants are not organs for the reception of 
noorishment, does not appear to be of much weight. In the second place, he 
remarks that the insects captured by the leaves either dry up or putrefy ; and 
in the latter case, according to his observations, they do not produce better 
vegetation, but the destruction of the leaf-tissue implicated, as he has 
frequently noticed both in Dionaa and Nepenthes, In Drosera, however, 
stronger growth of the neighbouring parts of the leaf, sometimes perhaps of 
the whole leaf, does occasionally take place. But, says M. Hochstetter, we 
know that whenever vegetable tissues are exposed to friction, and especially 
when leaves are pierced by insects, or eggs are laid in their cellular tissue, 
-oellalar growths occur ; and he indicates that in Drosera, veacular inflations 
poroduced on the leaves at the points where the insects lie. 

llie fiict that an increased secretion of fluid takes place from the glands of 
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tim Im^tm, mA Omt Htm m m tea U oilhmt gfaa^ 

ffif^iUA m 0!fSAnheiH of the difnenCinn <if the t^^/ i tiumi 

M, fffpfA^fdfttUfr fsth«r m a a^ of mjuriMM 

mMa im4 ^twwi nffximm to tbe fife of the plaoBt. He wbtm tt> 

(Vtl/zft r^ %tfsmimi$i upon pknte pie ce d in e freak Imrhed witfa. tfae 

cXemA ; end ermeidiiTii the MMeberiiie ezcRtiflo of Iwee frer iif hr mtaka 

t/#lMi*in/yr1)4dplMroMiMiDrMi snelogout to the 

hIni pl«nt« in ffOMtion* Thinflj, he feaierici tfaatt 

hktU$fl$imm uni mrvsh utrongKr aood moie beahhj thes duae cxnvs m 

f/p^ iind ell^/wed to «ileh flke. From ell thie M. Hoefai 

thut th^ fMir^!<i«ity or ^rren the iMefolneet of the cBgeecioB of iuMUi hr pinft 

^ dtill fer fr/mi Mfi(( ineonteetehlj prored* 

J/i/A «/ //wi dmif'trM^^yi, BoajMngMiit, when at Xsekst, in Soisk 
SmufSmf miiAft e ron;(h exemination of the milkj fiaidi ferMahwl W ai» 
r^lA^iruM inm ( firmmum ffolattodmdrcm), which m wid^ diitzxbeBed in 
ftf/ff/i/^et AfiMifi«i, If« ohuinwl from it — 

I « A futty mhnXmniiH like hee*i»-w»x, fonbleat 5(f C, pBrtknr 
v^ ftrilfiHe In irtbfrr, >mt Hli^htlj aolohle in boiliiii^ elcohoL Thk 
nfiari/'e whim melted end cooled resembled virgin wax, and caodlei 
me^le of \i, 

*2. Kt\ ex^/tlxed nuhNtance analogoiM to raiienm. 

H, Me<y'harine mattem. 

4. Helt« of potaub, lime, ma^^nema, phoephatee. The quantilj ef mil 
matter In the milk wan entimated at 42 per cent. 

Ham plea tit thki milky juice flent to the Paris ExhiUitioii of the 
ymtf ^re a driefl isxtract, 100 partn of which fanuahed — 



Wax, fatty matter 

Hii((ar, inverte<l . 

Hu^ar, inv«;rtfihlM . 

(Iiimi naccharifiahlo 

(JaM)um, albiimnn 

Afih, phoffphateff . 

IJndet4;rmiDed non-nitrogenoua Hubetances 



8410 
2-00 
1-40 
316 
4-00 
110 
4-2 5 

ioooo 



Which, brought to milky jtiice containing 42 per cent of solid mattsr, 

gives- 
Wax and Mponiflable matters . 

Saccharine and analogous substances 
Caseumi albumen 
Earths, alkalies, phosphates 
Undetermined substances . 
Water 



36-2 
2-8 
1-7 
0-6 
1-8 

68-0 

lOOK) 



} 



40 



Thus in its general constitution, the milk of the cow-tree approaches ooVt 
milk, except that it contains about three times as much solid matter ; so that 
it is rath'^* ♦^ t<mm^m that we must compare this vegetable milk. A cream 
KDtlj wgaye— 
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Batter 34*3 

Sugar of milk 4*0 

Caseum and phosphates 8*6 

Water 68-2 

10000 

The butter here is nearly in the same proportion as the waxy matter in 
;he milk of Bronmum galactodendron ; and as fatty matters susceptible of 
leing split into acids and glycerine are assimilable, it is easy to understand 
lie nutritiye properties of the latter. — Comptes rendus, August 12, 1878. 



CHEMISTRY. 

Atmospheric Hydrogen Peroxide, — There has recently appeared in the 
^* Berichte der deut. chem. Gesellschafb '^ a very ezhaustiye report by Em. 
Schone of Moscow on the amount of peroxide of hydrogen present in air 
EUid in atmospheric deposits. It is divided into four parts (see yoL xi. 
pp. 482, 661, 874, and 1028), and gives the details of a lengthy investi- 
gation, extending from July 1, 1874 to June 30, 1876; it b one which 
bas evidently been conducted with wonderful patience and care. Daring 
the year he examined 216 specimens of rain and hail, and snow and sleet 
^ere tested on 172 occasions, making altogether 387 specimens submitted to 
examination. Seven samples of rain and 86 of snow appeared to contain 
no peroxide, or so small a quantity that it was left open to doubt and was 
TecOTded as O. The deposits brought by the equatorial currents always 
contained more peroxide than those falling at times when the polar current 
opposed them ; and when the polar stream of air predominates the relatively 
smallest yield of peroxide is obtained. The amount attained a minimum in 
December and January, very slowly increased till April, was very much 
Hgher during May and June on to July, when it culminated. During the 
next three months it fell rapidly, and in November again very slowly 
approached the minimum. The hail of summer contained a comparatively 
large amount of the peroxide, although it is less abundant in haU than in 
lain ; and the vrinter rain yields more of this compound than snow falling 
«t the same period. The total amount of hydrogen peroxide which reached 
the earth's surface during the year is computed by the author to have 
amounted to 109*4 milligrammes to the square metre, that is to say in 699*9 
litres of water, or 1*049 kilog. to the hectare. The peroxide present in the 
air in a state of vapour was collected and determined by producing artificial 
^ew vrith the aid of freezing mixtures, and it was found that the rise and 
fidl in the amount so obtained corresponded and went hand in hand with 
the numbers obtained by testing the atmospheric deposits. The diurnal 
Variation was studied, and it was ascertained that the maximum amount was 
piesent at about four o*clock in the afternoon, after which it diminished, the 
nnnimnm being attained between midnight and 4 a.m. The air of a large 
luiU, wluch had been unoccupied for four weeks and the vrindows of which 
^eie dosed but were not air-tight, was observed to contain an average of 
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0*17 0.0. peroxide in 1,000 Gulic metree. In dew artificially depodtedia a 
\md\y tentilated xoom there waa no peroxide ; its preeenoe, however, beent 
manifi*et aa soon aa the windowa were thrown open. Dew and hoar firait 
depoaited during the last hours of the night appeared to be pure water; is 
dew collected during the evening houra peroxide waa met with, the aooaik 
Imng 0O6 gramme to the litre. The peroxide is present in fog, and isappa- 
i«ntlj more abundant in apring than in autumn. The amount of pernide 
prve^mt in anr atmoepheric deposit Tariea with the altitude at which tbt 
deposit has been formed ; the greater the altitude at which the condsoMtioa 
tairea place, the greater ia the quantity of peroxide which it will cootm. 
This is doubtless due to the decomposition which that aubatance mnit 
undergo when exposed to organic vapoura rising from the earth's nrftca 
In the air itself there is but little peroxide, the maximum quanti^ ofasened 
being 14 cc. in 1 ,1XX> cubic metres of air. The author points out the aekn- 
tiftc adTantages which would attend systematic observation in this field at 
our meteoiological stations. 

Cki$t Mmrn^mme. — Jordan baa presented to the Academy of Sdenoei of 
Paris a specimen of fused manganese, obtained by smelting manganeuft am 
in the blast furnace. About 10 per cent, of the metal is lost during the 
operation, and it seems not improbable that the metal is volatile at hi^ 
temperatures. The manganese appears to be very stable, the specimen abo?o 
refemd to having undergone no perceptible change in six montha. It 
consbtaof 

Manganese 84-960 

Iron 8*560 

Carbon 6-700 

Silicium 0-660 

Sulphur 0-036 

Phosphorus 0-006 

09-910 
In one specimen the percentage amounted to 87*4. — Compi. rend. 1878, 

No. 2l>. 

BrpmmoH of BumM. — Marx directs attention to an experiment whie^ 
admirably illustrates the force with which a metal like bismuth expsadi 
during the act of solidifying. He dips a long and narrow glass tube into 
the melted metal, and sucks it up the tube to a height of eight or ten inches. 
On allowing it to cool, the tube is shattered, often with explosive viokoee. 
The tube cracks along ita length, and is broken up into long parallel glaei 
rods or threads, which it would be difficult to produce by any other meaoa.-' 
PbL NUisUatt, xxxiii. 44. 

Ab9orpti(m of Oarbanie Oxide by the Blood. — Gr6hart*8 experiments (f^ 
this subject have led him to the conclusion that if a man or animal be placed 
for half an hour in an atmosphere containing l-770th of carbonic oxide^ 
one half of the red corpuscles will have taken up sufficient of the gaa to 
render them unable to absorb oxygen ; by exposure to an atmoephoe ooa- 
fftjfiing l-1449th of carbonic oxide, about one>fourth of the red corpoaeki 
are reared inactive. — Compt, rend,, 1878, Ixxxvi. 806. 

Mnm ami Dymmiery, — Dounon's obaervationa go to ahow that dyienteiy 
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Bused by the introduction of AngaiUula ttercorttiu and dytenierica, AnJUjf- 
ttenut dijtenttrica, &c. into the inleBtinal canal by ineaDa of polluted water, 
anay be avoided by dissolving alum in the water, altboiigh this ie, of coarae, 
M desimble method than that of boiling the wat«T. The treatment witli 
*Iam ba.'<, it is eoid, been HucceBafully used by the nntives of Annam tiosa 
•uiy times; while for several years it bos completely protected the French 
troope in Cochin China from this dreadful scourge. — TAe Chemical JVetM, 
1878, Kwviu. 24. 

An interesting rftunU at the present state of our knowledge of tha 
rmtbetical processes which are in operation in the bodies of animals has just 
been pablished by £. Baumann. It ia entitled; "Ueber die eynthetisdieii 
FtocMse im Thierlcorper" (Berlin: Hirschwald, 1878). 

Mai/neaium Nitridf. — Mftllet obtains this compound by burning the metal 
In a limited supply of air. The band of magnesium when ignited is to beheld 
well down in a porceMn crucible. If filings of the metal be used the same 
result is obtained, and with fax greater completeness. The residue has a 
wvU-marked gTeenish-yellow colour, and CTolves abundance of ammonia 
when moistened with water or a solution of a caustic alkali. When only t, 
few drops of liquid are added the heat evolved is sometimes so gre«t as to 
ignite a portion of the mass, and much of the powder ia scattered by the 
«sc*ping ammonia and aqueous vapour. In three analytical estimations of 
tiie results of the reaction it was found that 33'6, 37 '6, and 24-8 per cent, of 
nitiide were reapoctively formed. — The 0iemical Kewt, 1878, xxxviii. p. 30. 
The Diitociation o/ Suiphtdfi. — The hydrates of metallic sulphides are 
decampoeed by water when boiling, fm well oe at lower temperaturee, sul-^ 
phuretted bydrt^n bang evolved and a metallic oxide formed. This is true 
of the majority of the sulphides, those of copper, bismuth, and mercury 
|iroviag exceptions. Araenic triaulphide is dissociated at the boiling-point 
into hydrogen sulphide and areenious acid. De Clermont and Frommel have 
devised a method for the separation of arsenic from metallic sulphides which 
is based on this reaction. The mixed sulphides ore to be suspended in water 
and boiled. The dissociation is soon completi!. If the mixture wdgb 
5 to 6 eg. the liquid should be boiled from twenty to twenty-five minutea. 
All remfuning sulphides give insoluble oiides, which can readily be separated 
^m the soluble araenious acid.— Suil. Soc. Chtm., Paris, 187S, xiix. p. 290. 
The Suittlrili/f/ of Bi4tle-glai». — Macogno has determined the degree of 
Bolutnlity in water of a number of specimens of bottle-glass derived from 
diflerent sources, and a»»rlained La each cose " the corrouon degree " of a 
boiling solution of potseuum bitartrat«. He finds that the chemical com- 
position of bottle-glass is hardly a correct indication of its quality. The 
amount of alltali or time does not eipresa the resisting power of the glass to 
water or acids. While the French glass is of very superior quality, the 
Rhenish, Uadeiia, Malaga, and Xerea biitUes appear to hnre a very inferior 
composition. In order of colour we must set deep green in the first rook, 
in the second the white and common green, then the clear green, next 
the n^-browo, while the wdrat are the yellow-brown, which must ba r»- 
gsrdsd as likely to contaminate ordinary wines containbg much potAsnum 
Intartrate. In the case of the deep green )i:Ues of a Buigiindy bottle iha 
corrosion degree was 1*275 ; wk]it« gla«s, used for Khenish, Bordeaux, and 
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Ghiaiiti, 2K)30: oommon green glan, used for Bhemahy Bordeanxi CSiiib- 
pftgDe, Ac, 3-302 : Tellcnr-lvown glttB, used for BordMoXy Madeiimy Makgiy 
&C., 3*dd7 ; and tlie red-brown, used for Rhenish, Ruster, Rohitacber, &e., 
4*888.— 7^ Okemietd Xewty 1878, xxxriiL p. 5. 

Tke SoiubSity of Haiimum m Stdpkmne jIcmT.— Schenrai^Keetner has cod- 
tiniied his inquirj into the nolnbility of this metal in oonoentrAted solphnrie 
add, and finds that while the action of a 95 per cent, add is a Teiy miiked 
one it becomes still more notable when the concentration exceeds that eiH^ 
responding to the monohydrate. With the hope that pl^tjiinm appsntos 
might be adapted to the manofiictore of Nordhansen add on a large scale, 
sodinm bisalphate was fused in a glass retort lined with platinum foil, and 
the yapouia were condensed in stone Teasels. A number of experimeDti 
were made in this waj with an apparatos the platinnm of which weighed 
5 kilog., and it was foond that for ereiy 100 Idlog. of add distiUed 100 
grammes of metal were dissolTed in the sodium sulj^te. In the earlier 
experiments 100 kilog. of 04 to (^ per cent, add diasolyed 1 to 8 grammee 
of metaL — Con^m renduty 1878^ IxxxrL p. 1082. 

Invertin, — This, the inverting constituent of yeast, to which Donatii 
gaye the above name, has been submitted to a long investigation by Barth 
{Ber. Deut. Chem. GeieO., 1878, xL 474). To obtain it he coarsely pul- 
verises fresh compressed yeast and dries it at temperatures not exceeding 4/f 
untn it can be rubbed to powder between the fingers ; it is then heated to 
100^ or 105° for six hours, mixed with water in considerable quantity, and 
after having been allowed to stand for twelve hours at 40^ the insoluble po^ 
tion is removed by filtration. The filtrate, which has a yellowish hue, ia 
poured into six times its volume of alcohol containing 05 per cent. ; tide 
causes the formation of a white flocculent precipitate, which when violentlT 
agitated becomes granular, and then may easily be collected on a filter. Hie 
albuminates which are likewise thrown down by the alcohol can be removed 
by treating the precipitate with a limited amount of water, when th^ re- 
main imdiBsolved as a gelatinous mass. A second treatment with akobol 
yields the ferment in a pure state. Two grammee of the ferment are obtained 
from 600 grammes of yeast. Invertin is a white powder, which dieeolTtf 
in water, forming a yellowish-brown solution ; this is not rendered turUd 
when boiled with acetic add and salt, and is thus shown neither to be an 
albuminate nor to contain one as an impurity. When boiled with dilate 
copper solution and sodium hydrate it does not strike a violet colour; tkis 
indicates an alisence of peptones. After heating some for a long time with 
sulphuric acid no leucin could be found. Analysis showed invertin to con- 
tain 22 per cent, of ash, consisting of potassium, caldum, and magneBum 
phosphates. I£ the inorganic constituents be excluded, the ferment contains: 
carbon, 33*9 per cent. ; hydrogen, 8*4 per cent. ; nitrogen, 6*0 per cent*, fol- 
phur, 0*63 per cent. ; and oxygen (by difierence), 41*17 per cent. The actintr 
of invertin appears to be dependent on the degree of concentration of tht 
sugar solution, and is proportional to the amount of ferment preeent; it 
reaches its limit in about forty hours. One part of invertin can prodoee 
760 parts of inverted sugar. 

Tinfail and Tinplate, — Kopp and Engel have recently examined spedmeM 
of the tinfoil used in pac^idn^ ¥i«Dfi,b diooolate. Traces only of laad wen 
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Stlie compoaitioD of the muUl, tbey condder, cootrasts fnvouralily 
wilb the flo-ca!led tin uaad for Mmiliir purpoBes in England. We Hnd, bow- 
arer, that one sample of the foil which they analysed contained 6111 per 
cent, of lUitiiuoDy and O'Ubi) per cent, of araeoic. The metal which conta 
"tin-plat^'' in moreeaidly attacked and dUaolvud than is genemlly supposed. 
Menke detectad the presence of 0'1513 (gramme of tin in a " canned " pioa- 
appla weighing 1 J lbs., 00101 gramme of that metal in a tin of lobxter, and 
0-0067 gramme in one of apple!. 



GEOLOGY AND PALiEONTOLOGT. 

A tiem Pre-Oit'ibrianfm^iintion. — Dr. Hicks, whoso aalBblishmant of the 
Dimetian and Pebidian fommtiottfl we noticed laat year (P. 5. Jir:e., N. S., 
Vol. I., p. !>6), states in a communicntion to the Britisli Asaocistioa that he 
Lbs found that the Pre-Oambrian rocks occtipj many areas in Wolee, and 
that they resolve themselves into three well-marked types, which ha regards 
a^teparnte formatiout*, hb they prove on exnmination to be uneoDformabte ti 
each ■ithur. At St David's granitoid rocks occur at the base; rusting nn- 
Gonformahly upon these come quartx-felsiles ; which again ore succeeded hy 
the agglamerates, breccias, green stone-bnnd», and schists of the PeUdiaa 
group. In North Wales the same ordor of succesaion was obeerred, but the 
nuddle, or quarti-felule group, was more largely developed in Caernarvon- 
thire, and hence Dr. flicks propoxes tq name it ArBonian, from the Itomaii 
name of the district (Arvonia). The oame is appropriate, as many of the 
mnimtains of OaarDarvonshire consist of these rocks. Dr. Hicks thus di»- | 
tinguiahes these Pre-Cambrian fonnatioos, namely :- 

1. Dimetian, granitoid gneisa rocks. 

2. Arvtmian, quarli-felsites and porphyries (Ilalleflinta of Torel; petro- 
lilex rocks, Hunt). 

3. retniiian, green and purple agglomerates and breccias, gjeen chloritis ' 
wbistB, with massive greenstone bands, talcose schist 

In th«e formations the bedding is usually easily re 
stmtigraphica] thickness cannot yet be precisely ei 
lectiona exposed. Dr. Hicks infers that each of them n: 
leet thick, and their horizontal extension is also 
Foiiil MaiamaU of Smith Amrrira. — From a 
nmain* of Mammalia, lately brought to Paris from Brazil and I* Plata, 
fL Paul Oervus has obtained some important results. He regards Toxodoti 
U nearly allied to the Porcine AlMnmals, and as probably agreeing with the 
Hippopotamus in ila habiM ; but althougii it resembles that great old-world 
Pachyderm in some of its cheract«rs, it posseiisea others which indicate that 
It must have nearer allies which ore still unknown. The Solidungula have 
Qo well-marked representatives from the region of La Plata, except the i 
koraes known as Sijipidia. No remains of Tapirs have been found with j 
these ; but a fragment of the syoipbyais of a mandible, having tracce of two 
(^niiiea with two incisors between them, .^eems to indicate on animal rcwm- 
bling Rhinocerot in this part of its deutitioiL 

y y 8 
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A Urg« Machairodiit, of which a nearly complete ekeleton h*l Imb 
obtained, diflen from the great Brazilian epecies (Marhairodtit vrrig»it) b 
the form of the slnill, and in having' only two instead of threo lower witst. 
M. Gervais propoaea to call it M. liecator. 

The remoine of Glyptodonta confirm tho wparBtiaij of thoM amcula iitv 
aeveral genera, as proposed by Burmeiater. One of them ia ijeicnbed U ■ 
new apecias under the provi^onol name of Oli/ptudon mdit, but the autliai ii 
of opinion that it will coostjtute the type of a new genua. Ita bonyplatMin 
quadrangular and rough on the outer surface, but without roaadibnii tiib» 
clss, and without radiating lines. The ringa of the caodftl ebeatb an compOKJ 
of separate pieces, which interlock after the aame faahion aa the dona] pUU. 
Another undescribed Bpecie«, of which only a small portion has been bng^ 
seema to be nearly allied to Jloplophonit, but is distingniabed fkn the 
known apeciea of that genus by its bony plates, which consist of a mooA 
central polygonal disc with blunt angles, having on its aides smaller miwtb 
plates in tbe form of arcs of a circle. The author names this speOM Bi^ 
phvTM diarifer. H. Ajneghino, one of the collectore of Ibeae fosnK bu 
also obtained in the La Plata region numerous objects of biuutn worktoii^ 
ahip, some of which are believed to date back to tbe period of the gieatta- 
linct Mammals. {Ciimptts rmdia, June 3, 1878.) 

An Ameriean Jnrnimc PteTodacffile.—VTatufeat Marsh deacribes (StDnMo't 
JcTurnrt/, September 187B), the first indication ofaPterosftiirian from Americtt 
rocks older than the Orelaceoua, the species found in which are generally of 
gigantic size, and so Gir as u known belonged to that toothless group of thM 
reptiles which Professor Marsh proposes to name Ptenmodontja. The spM3- 
men now described is from the " Atlantosautua beds" (Upper Jurasac) a( 
'Wyoming, which have lately yield^l tbe rem^s of so many interesdif 
forms of reptjles. It ia the distal portion of a metacarpal bone of the riglu 
wing, and indicates a Pterodactyle with an expanse of wings of fooi oi Gn 
feet. Its shaft ahowa an oval section, but near tbe condyle becomea tsi^ 
trihedral, with a distinct ridge on the under surface. It ia hollow, with this. 
Bmootb walls. The outer condyle is placed obliquely, as in the Cietaceou 
Bpedes; the lower g^wve between the two condyles is unusuaJly nawow; 
and the inner condyle in nearly drcular in vertical outline. The fingtUBl 
presents no charticlera by which its generic relations can be estAbUsliod, UJ 
Profeaor Marsh describes it under tbe proviuonal name of Ptirodaeljiu 
moKttnmt. 

Oeoloffjf of Sind.^^iifx. W. T. BlanTord has communicated to the AiMk 
Socie^ of Bengal (" Proc.," January 2, 1676) some notes on the gfiikff rf 
Bind, a map of wluch has just been completed by the Indian Surrey, Ifct 
greater part of tbe province consists of the alluvial Sat of tbe IndH, bntb 
the west ranges of hills occur containing Tertiary and, as is now belisnili 
Oretaceous rocks. A tlun flow of basnit supposed to represent the DwflB 
traps underlies the undoubted Tertiaries. Mr. Blauford give^ tbe toUawiif 
table of the beds of Sind :— 
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SolHliTWoni 


Agredmrte 


logieUaff* 
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/ 1. ALLUVIALy^;C. 
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Recent and 




1 


/Upper , . . 


6/)00 


poet-tertiary 
Pliocene 


Apparently re- 
{wesentatfye of 
the Seyaliks 


% Maitohhab . 


• 






proper 




Lower . . . 


3,000to6,000 


Lower Plio- 
cene or Up- 


* m 


S. GiJ . . . . 


^ 


1,000 to 1,500 


per Bllocene 
Miocene 


_ 




[Upper . . . 


4/)00to6,000 


Lower Mb- 


— . 


4. NabI . . . 


a 




eene 






, Lower . • 


100 to 1,600 


Upper Eocene 


— 




/Upper ... . 


600to3/)00 


Eocene 


Nimmulitio ' 


6. KimmrAK. . 


a 

Lower . . . 


10/)00(P) 


Eocene 


Limestone 
Base not de- 
termined 


6. Raitikot . . 


^.^^ 


2,000 


Lower Eocene 


7. Tbapb . . . 


(CardUaBeaUf 


40 to 90 


Upper Oreta- 
ceons 


Bei>resentatiye 
oiDeccanand 
MalwaTrap 




mofi^'bedfl. . 


350 to 450 




^ 


8. Objbtacboitb . 


Sandstones 


700 


• Cretaceous 


_ 




Hippnritic 
Limeatone . 


320 


< 


Base not ex- 


1 








posed 



The most interesting pcnnt in this investigation is the asserted discovery of 
Oretaceons rocks in the hills of Western Sind. The lowest bed, the Hip- 
poritic limestone, has only been found in one spot, and there the outcrop is 
not more than half a mile in length. The only recognizable fossil found was 
a Iffippuiite. This limestone is believed to be identical with the Cretaceous 
limestone which occupies a large area in Persia, and has been traced at in- 
tervals from south-east of Earm&n to near Teher&n. If so, this is the first 
recognition of the formation in India except in the IQmalayas. The sand- 
stones above the limestone are dark,often caloareous,and not very fossiliferous. 
Towards the top they contain oysters and a few apparently reptilian bones. 
Above these are olive days, shales, and sandstones, containing a peculiar 
globose Cardita (C Betnmumti)^ two or three species of NautUuif and corals. 
The thin bed of trap has been traced for about 22 miles, always above 
the olive clays and beneath the lowest Tertiary beds ; the author regards it 
as undoubtedly identical with the trap of M&lwa and Guserat. The Ranikot 
group in its lower portion contains only imperfect plant remains; but 
the limestones intercalated in its upper part abound in MoUusca, Echino- 
dermata, and Foraminifera. Bfany of the fossils pass up into the over- 
lying Ehirthar beds, including NummuUteB Leymerm, the only abundant 
nummulite here. A few species show Cretaceous affinities, especially a 
SaUnia and some NautiU, The Khirthar group is more widely distributed, 
and where ^^'^ -'-^eloped la the most conspicuous formation in the pvovilK 
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7%r rna IsUyrw «eri«,~MJ.8riiwtItMiMen(*^BqlLAcad.,StPetBgb. 
toaw zzT. p. 1> Teoards tbe uuluu c u cc in Eaaten Siberia of beds beloz^ 
totke infineazboaUeroQS sezies deoanmiated br J^ to b motr Heertbe'^Unft 
Stagf^** am. aeooant d tbeir baTix^ fixa been reeogniaed by bim in Bear 
labad. Tbe ciJM coee of neb depoeita bad been preriooaly indicated hy die 
antkv on tbe eridenee of ioaol plants obtained ham txmTeUed UockSyOoe 
of wUdi be identified witb Qfeitttijma kStcrkaue, Tbe loda containiog 
plants cbaiacteristic of tbe Uzaa Stage baTe now been found m ii6» in 
Tanons plaeas in tbe GoTennnent of Jenisfleiy cbiefly in tbe banks of the 
mcr of tbat name and its afflnenta, as £sr aovtb as 63^ N. lat Thb moet 
important locafitr is tbe Issrk uMNrntain, on tbe xigbt bank of tbe msr 
Abakan, near its junction witb tbe Jemssei, wbicb oonaistB cbiefly of t msM 
of reddub-brown sand stones, witb intefstzatified g^reenisb sandstfMMSy ovexliin 
bj a bgbter-ooloored mass, fonned br interstratified greenisb sandstones, linM- 
- stones, and yellowish caldfeioiis sandstones. On tbe eastern and western 
elopes of tbe mountain these deposits are OTerlain by shales and sandstoiies, 
witb beds of ooaL Tbe impressions of plants were obtained from the liglit- 
eolonred sandstones and the ooal-bearing shales, tboee bam tbe lattsr bdng 
well preserved. 

The principal plants obtained from this and other neigbbouiing locslitiMy 
among which a mountain near the moutb of tbe river Trifonowa is the 
chief^ are as follows: — Bornia ratUata, Schimp., Tr^phyUcptarU Lopt^ 
sp. n.y yeuropierii cardiopteroide$, sp. n., SphenopUrit^ sp., Lepidodtmin» 
Veltheimiamim, Stemb., X. Wilkianutny Heer, O^dotUgma ktUorhenKi 
Haughty CordaUe9 (f) painurfomiis, Gopp., (^docarpui drupaformU, ^IW 
and Samaropm dUangOy sp. n. 

CurrenU of the Suez Canal, — M. de Leaseps has communicated to tbe 
Academy of Sciences (" Gomptes rendus," July 22, 1878) the results of ft 
series of observations worked out by M. Lemasson on the interesting qnee- 
tion of the beba\iour of the water in the great maritime canaL The andtft 
has treated in detail of tbe tides and currents of the Mediterranean and Red 
Sea at Port Said and at Suez, and their influence upon the waters of tl» 
<yanal, and has also taken into consideration the question of the action of 
prevalent winds. It appears that Lake Timsah and the basin of tbe Bitter 
Lakes, the former in the middle of the line of navigation, the latter neailj 
at the middle of the southern brancb of the Ganal, constitute two greet 
reguli^^ '*■ which the tidal currents from the two seas respective^ etzfiTa 
Tb* itb bmncbea ol liK<^ CvcaI vt^ xtf^l^boweyer^ independant le 
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is Ae ■uietut of thdr waten. Tlie dominant winds in this i^gm 
, froM Maj to October, from the north and north-west, and raise tke 

le^ of the waters of the Mediterranean at Port Said, whilst thay 
m tke Meaa leTel at Sues. The dififorence of leyel, which attains nearij 
BtuMtres (afanoet 16 inches) in September, sets up, in summer, a eai^ 
Whs the MedtteTiaiiean to the Red Sea, which is interrupted bj th* 
hot nerertiielees carries a considerable yolume of water ham noitk to 
. In the winter, on the contrary, the south winds blow stiooirir, and 
lean lerel of tlie Bed Sea is then higher than that of the MteditenaiMan, 
if fe iriMje attslning a maTimnm of 30 centimetres (almost 1 IbolV 
vneral £ieclion of the current of the Oanal then sets frvm the Red 
o the Mediterranean. The volume of water flowing annuallr 6«Ma 
ea to the other is estimated at about 400,000,000 cubic metres, and 
with die tidal currents, annihilates the effects of eTaporatkn at the 
se of the lakes, and aids the solution of the great salt depoeit in ^e 
of the fitter Lakes, which, instead of increasing, as was expected W 
people, is actually diminishing, especially in the line of transit of sMfin. 
idal currents in the northern branch of the Oanal between Fort Sssd 
!iake Tlmsah usually vaiy in velocity from 0*15 to 0^ 
I, but may attain 0*60 and 0^ metre. Between Suei and tfe 

the width of the Canal being greater, the cuiients Tair frQH €^^ to 
netze per second, and may attain 1*30 metre. 
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extent of □ne-half its weight of nickel-iron; tfas mabix is colonrlcM ml 
tiftnaparaDt. TEclieriiiak, wbo haa examiaed tlie spedmenMDt to ikeVuiiU 
coUectioD, ficds it to c1o«e!; resemble die stoaes wliicb hU in rod) niwittD 
at Pultusk ID JuDu&rj 1808. The cnut in the former case, howenf.il 
thicker. A cnreful exumiiution of a section of the Hungen stone entlM 
Techemak to detect the presence of particles of nickel-win, Mtine l-5iim.ia 
diameter, as well aB granules ofniagnetic pyrites. The mow of the sloiw eon- 
tAined abuudance of cbondra,eome opaque and Iu8treles8,can^lingappareallj 
of chromite or picotile, while the traneporeiit ingredients are of thns kindi; 
one the crystalline characters and optical orientation of which idenlifiid it 
with olivine ; a second iu granular fragmeuta which appeared to ccinMit «t 
bronxite ; and a third the aDgidar particles of which had a fiDol; toSUti 
texture, resembling diallage or augite. — Jnhrbtich fur MinertUugit, teffl, 
p. 411. 

Sodium C/Joride, — Bertnuid has described crystals of salt from ths Sodi 
I^kes of Egypt, some 1 cm. in diameter, which were either octohcdn or 
octohedra comldned with the dodecahedron and the cube. The majoiiljaf 
them were not transparent, and had a grey colour. Sodium chloride hw W 
obtained in oclohedra of very small aize, and without any other plaiMa, bf 
cryatalliiation from a concentrated solution saturated with todium carbowle. 
—ZeittckHftfar Kiyitatl. Hnd Mineralogie, 1878, p. 100. 

The Rockt of tie Iiland of rwicano.— Oosaa finds that the alum of Uni 
island contains a relatively large amount of the sulphated of osunSi 
ruUdium, thallium, and litMuui, all of which salts are probably pi«Kiit in 
the form of alums ; and it is stated by bim to stand »ecoDd only lo the nue 
pollux of Elba as material for the preparation of cffisium compounds. Tla 
rocks o-verlying the alum beds appear to have furnished the CKsium ui 
rolddium, which are present id them in the form of silicates. TheM bn* 
subsequently been conyerted into alums by the action of acid vaponta. A 
reddish porous crystiiJline mnsg which collects on the floor of the crater taf 
tained considerable quantities of sulpbatee of lithium, ciesium, and thaUimir 
only traces of rubidium and potassium, and, in addition, boracic add, t^ 
monium chloride, arsenic sulpliide, and selenium sulphide. Oossa imin 
mends antimony chloride for the separation of ciesium and rubidium, ul 
states that Stolbn's method with tin chloride did not jieLd satisfiwUIT 
results in his hands. A gas escaping frooi a mineral water which boUM 
fortb near the crater consisted of carbonic acid, 79 vols. ; uiliugm, 9H 
Tola. ; and osvgen, 05 toI. in 100 vola. — Srr. deut. CArm. GttM. UC8| 
li. p. 811. 

The Mineralogitehe Milthrihmgen, edited by Prof. TschenoaJc, nooe tb 
ijwue of the flret part in 1871, and published as a supplement of the " Jlb- 
buch der K.K. Geolng. Iteichsonstalt," hae ceased to appear; and in its |lK* 
Prof, Tschermak will edit " Mineralogische und Petrographische MitUidl^ 
gen," which wilt be published independently, six parts to be issued each jiK 
Two parte have already appeared. In addition to original articlte they osh- 
tain notices of memoirs which hare appeared in other edentific Joumala. 

PtPvAiJirookilc imd &oWi(f. — Kocb deecribes, under the naineof[it«a^ 
bro' ombic mineral from the Arnnyer Berf , in Siebenbiiigtfi 
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Titanic «eid 6274 

Iron pefoside 42-39 

Aiumina Trace 

Lime and magnesia .... 4*28 

LoM by ignition 070 

100-01 

6 minenl ia diniorphoue with menaccanite or ilmenite. The ciTataUine 
m, habit, and the phyucal, and in certain respectii alao the chemical, pro- 
le of the mineral are those of brookitG ; but cloaer esamination shows it 
Pt (0 be tbnt mineral. Szaboite is a triclinic mineral, which cloeely iWi ^^^ 
mblea pyroxene in appearance. It is composed of: — ^^^| 

Silicic acid G2>35 ^^H 

Iron peroxide 44-70 ^^H 

Alumina Trace ^^^H 

Lime and mggneaia .... ^-12 ^^^^| 

Lobs b; iguitioD ... 0-40 ^^^^H 

100-C7 

Dnatitution and crystailiiie form at first eight recall babingtonite. 
It the resemblance is not supported bj further inveetigBtioa— Af)n«ra/(^McA« ^^_ 
i PttrogTajihitche MitthtUungm, 1878, i. 77. ^^H 

PHYSIOS. 

Aeauxtic Iteptiliion. — It CUD be shown theoretJCAllr that the average 
~ pressure at the node in a coliunn of air vibrating in stationary waves cannot 
be equal to zero as long as the amplitude of vibration is not infinitely small. 
M. Dvorak has made experimenia in illustratiuD of this foct. In a n-sonator 
open at one end, there is a node at the other. In the inside, near the closed 
end, there is greater preaaure than ouuude. When such reaouators ai-e deli- 
cately suspended, and turned towards the source of sound, or the resonant 
box- of a tuning-fork, the repuluon is so frreat that it la apparent even with 
an ordinary brass Helmholtx resonator, weighing with its counterpoise 142 
grammes. 

Ad " Acoustic Mill," showing coutinuous rotation, was made by fasteoiug 
from very light paper, or thin glass, resonators on the arms of a light wooden 
cross, balanced on a glass cap, with their openings facing the same way 
towards the source of sound. Rapid rotation is obtained by uaog a large 
Knadt's tube as the source. If a cone of stiff paper be held with its large 
extremity towards the sounding body, and of such a size that it vibrates to 
the same note, on excitation, a current of air rushes from the ismaller end 
with such violence as to bo felt and beard, and to blow out a candle at the 
distance of 20 centimetres. It appears that these experiments bad been 
independently made, and indeed anticipated, by ProfeaBor A. M. Mayer, at -i 
New York, 
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In a paper on the Phyncal Origin of NehukBy Dr. OroU endeayoon to 
fathom the origin of the sun's heat It must he ultimately derived either 
from gravitation or from motion in space : hut whereas the former source of 
energy could not have exceeded from 20 to 30 million years* supply of heat 
at the present rate of radiation, the store derivaUe from motion in spaoe 
dependent on the rate of that motion may conceivably have amounted to any 
assignable quantity. A mass equal to that of the sun, moving with a velodtj 
of 476 miles per second, possesses energy suffident to cover the present nte 
of the sun's radiation for 60 million years. 

This motion of translation must he converted into molecular motioD hj 
collision. The only assumption the collifflon theory makes is the existence 
of matter and motion. Suppose two bodies, each one half the mass of the 
sun, approaching each other directly at the rate of 476 miles per second, 
their collision would transform the whole of .the motion into heat, affi)iding 
an amount sufficient to supply the present rate of radiation for 50 million 
years. Each pound of the mass would, by the stoppage of the motion, 
possess as much heat as would melt 90 tons of iron. The whole mass would 
be converted into an incandescent gas, with a temperature of which we can 
form no adequate conception — certainly more than 140,000 times that of the 
voltaic arc. 

J^ect of change of pressure on the length of disruptive discharge in afr," 
Mr. J. E. H. Gordon has been studying this at distances ranging from 6 to 
30 inches by means of the same apparatus. This was a fine induction-coilf 
giving a spark of 17 inches long, worked by 10 cells of a Grbve's battery. 
The discharging tubes were 4 feet long, and 3 inches in diameter, with a 
stuffing box at one end in which a brass rod slid. The inner end of the xod 
was kept in the axis of the tube by three little glass arms on an ebonite 
collar. The whole was insulated on ebonite legs. The tubes were connected 
with an air pump by means of an insulating glass tube. The pressure wtf 
g^ven by a U guage about 4 feet high, and the air dried by passing it through 
sulphuric acid. 

In the experiments one tube was left open to the atmosphere, and its 
discharging point placed at a standard distance from the balL The other 
tube being nearly exhausted, experiments were begun at low pressure, a little 
air being let in between each observation. The discharging distance in the 
second was then adjusted to the shortest distance which caused the whole 
discharge to pass in the first tube. This being noted, the points of the 
second tube were again brought together until the whole discharge passed 
between them. The mean distance of the two observations was used. 

The results were : — 

1. From a pressure of 11 inches upwards the length of spark b inversdy 
as the pressure. 

2. Accidental circumstances materially modify the length of spark. 

3. Below a pressure of 11 inches the spark is shorter than it should be hf 
No. 1, the electro-motive force required to produce a spark of given lengtii 
at low pressure being greater. 

This agrees with Sir W. Thomson's experiments, from which it rssuha 

that en^^^'^r electro-motive force per unit length of air is required to prodnoa 

# distances tban at\Qin:|t. ^to \S[^ xoa:^ tvqw be added, at Wv 

ugh. Tbiboann«»Nna\A\xb>a3i«i;^J^s^^^ 
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it BiarmoHie Engine. — One nf the mnst Temnrkable of Mr. Ildisno's many 
iBtJona ia the so-called hHrmoiiic engine, which connsts primfirily of a 
g-fnrk put into Yibretion by rauRas of an electric current \\'ith 
II battery nod a couple of electro-magnets, Mr. Edison has succeeded in 
H gvCting euftident power out of the vibrntioiui of this " tuning-fork " to pump 
up a considerable quantity of nnter to the top of his bouse, to drive a 
sewing-machine, or to perform other work requiring amaJI power. Tlia 
" fork " condeta of n couple of limbs, S^ feet long, made of 2-inch square 
steel, the curved part bciog firmly held in a casting bolted to a solid founda- 
tion. Attached to the end of each arm is a 361b. weight, and near each ia 
a Kmall electro-magnet, posses^g sufficient power to set the arms in Tibra- 
lion. These vibrations, which are made at the rate of 36 per second, are of 
amall amplitude, but ore of sulKcient power to work a little pump, the 
rapdity of the motion compensating for the smnllneae of the stroke. The 
machine ia at present little more than a toy, but, its effectiveneBS having 
bet-n demonstrated, further developwenls may render it a useful motor for 
employment in domestic work. Mr. Kdison proposes to utilize the machine 
far compressing air, but it will probably be found more profitable to employ 
the power direct, instead of using it through that agency, the machinery for 
which must of necessity absorb a coneidemble quantity of the power in orer- 
coming fiiction. 



ZOOLOGY. 



^^^3"^ Biasing of Insrffs. — It ha.a long been supposed that the buzzing of 
IieeB, files, and other insects, was due t« the friction of the Fur passing 
through the thoracic stigmata, after being set iu motion by the action of the 
miuclea moving the wings. After repeating the experiments on which this 
opiuion is founded, M. P^rez comes to a different conclusion. He finds that 
when the wings of a fly are held so tightly that no motion of their bases is 
pOBsible, no sound is produced : but, on the other hand, the removal of the 
scaly portions fringing the periphery of the stigmata, injury to the margins 
of the sdgmatH themselves, and stop[uug them with solid masiiesj leaves the 
buzzing unaltered, and even a bermetioil closure of these apertures has only 
the eflect of weakening the sound produced. In this la« case the power of 
flight is weakened, owing, ac4;ording to M. P^rez, to an asphyxia of the - 
insect caused by the exhaustion of the air in the thoracic tracheie, which is 
after a time made up by an influx of air from the abdomen, but the attempts 
at flight become weaker and weaker, and the animal speedily dies. 

M. PiSrez's interpretation of these phenomena is that the causes of buzzing 
reside solely in the wings. Cutting the wings infiuencee the buzzing mora 
or lees, this becoming thinner and sharper and losing the softness due to the 
friction of the air upon tJie edges of the wings. The sound is dillerent 
according to the amount of the wing removed, that is to aay, the ahoitnesa 
of the stump, and it is in relation with the beatings of the stump against 
the solid parts which sturound it, or of the horny pieces which it contains 
one against the other. If the section be carried down lo sensitive parts the , 
sound ceases ; but this is because the animal ceases to perform movements ^ 
which have become painful to it. 
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Of Tartoue buxaioff insects tbe Author mjs that, in the flymmafHatui 
Diptera the buzzing is dua to two distinct coumb, oaniely, the nluatiiiiuot 
which the articulation of the wing is the gent, the true huzun^, Mid iheCnetkn 
of the wings agaiost the air, which modihes the former more or le«s. In atroD^ 
winged liepidoptera,8Uchss the Sphingidte, tbe buzzing \a prodnced eutinlj 
by the friction of the air upon the wings ; bo also vith tbe dragon fliei. — 
(Comptn rtndiu, 2 September, 1878.) 

Drime-Bfrt. — It is well Itnown that, according to a theory of M. Biienoa 
adopted and developed by Professor Siebotd, the ^gafrom which drone-hra* 
are produced in a hire are deposited by,the queen without fecundation, and 
that the queen-bee can even fecundate the eg^ or leave Uiem unfertiliisd, 
according: as they are intended to produce females or males. The theot? 
was founded, at least in port, upon the supposed fact that an Italiftn qoesn, 
fertilized by a German drone, would pnxluce hybrid-workers and qiMeDa 
(females) and drones eiacUy like herself. M. P^rez, however, dispntaa Uw 
genuineness of this &ct, on tbe ground of observations made upon ■ hive In 
his possession, tbe queen of which, the daughter of an Italian of pure race, 
has been fertiliied by a Fi'encb drone. Some of the workera ««It>liu, 
others French, others mixed in various proportions of the two rac«9. Amodig 
tbe males also he observed some as dork as those of tbe French race, altbai^, 
according to the above theory', they ought all to have been of the Italian 
race, like their mother. He therefore carefully examined 300 of thedronal, 
and obtainud the following numbers: — 

151 were pure Italians. 

00 were hvbride of various degt«e§. 

83 were French. 

Hence he regards it as evident that the drone-^:gs, like thoM of tb 
females, are fertilized by contact with the fluid stored up in fbe nniMl 
receptacle of the queen, and that Ihienon's theory must fall to tbe gTauild. 
This theory, however, was supported by other bets and ezperimenta; MRlit 
is a question whether M. PtSrez's queen which be speaks of, gi^aid«dly, Mtb* 
' fille d'une Italienne de race pure,' was herself of pure Italian OMMb— 
{Comjaa rendu*, 9 September, 1W8.) 

ProMimtoiiut.—'SiyL. Joly & Vayswere have examined the xtrueture oi thia 
curious insect, only what appears to be the larval form of which is knDwn,afld 
tbe true position of which is consequently very doubtful (" Compte* reodnSi* 
August 6, 1678). In its form it resembles the Kpheineridn, and espna^ 
the larva of the American Stetaca vbaa, Say. It bus the ports o( the aootb 
usual in masticating insects. The respiratory system iocludi-r* two land* of 
organs : I, tbe internal tracheal apparatus, repre-sented by two main tnuibv 
giving origin to numerous branches ; 2, aupplenientary organs sitnatad tt 
the anterior part of the dorsal surfoce of the abdomen is a sort of tnttj, 
the upper wall of which is formed by the thorax, and which comntiinieMI 
with the outer world by three opemsgs — two placed laterally on Uie vantnl 
surface, and n median aperture on the dorsal surface. This resj Jrafc ny 
chamber contains a trncheo-brancbinl apparatus, consisting offire lunellifolB 
or digitiform pieces on each ude. These pieoee move rbythmicslly, ud 
ca ntiancc of water bv thu vontral apertures, and its matpe \j lie 

' The aultora gww tome ieXaJAa *» \q 'Od» SsKcftVAl 
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tlie luaeetB, and mj ^Mt horn tke fKti anertabied Ihej are disposed to 
adopt Mr. MeLadibof a opinian, thai IVmtfmUmm is ao ^hemerid, probaUy 
adapted pf rm an eirt lT to an a q aat i c Bfe. 

Abnormal Demtkiam m m Ti^tr. — Mr. Ljdekker deaoibee and %iire8 
C' Jonm. Asiatic Soe./ Bengal^ 1878) tbe lower jaw of a tiger from Brninay 
in which a tMid ptemolar ia derdoped on one ada. The ^lecimen is into- 
reating, tec a oa e in the extinct feline genos iVpiuUarw the third ptemolar 
18 always p t cacn t . P^mdtdmnu was fbonded oo a Miocene fossil from 
Sanaan, in France, and other qtecies hare been described from the PHooene 
of Nebraska, and from the Serafihs. 

EntanitcMM m Framee, — Amcog the paiaatic cmstaeeans described by Dr. 
Tritx MiiSer perhaps none was more curious than that to which he gave the 
name of EiUmiuaUj a tme iaopod crostaceany the female of which, after a 
short fr«e life, took up its abode in tha abdomen of a crab, and became 
converted into a great sac branchiiy about among the riscera of its host. 
'Hitherto these parasites hare been only known to occur on the Brazilian 
coast, where they were stn£ed by the distinguished naturalist aboyo-men- 
iioned; but M. GKard has now disc»Tered two species on the coast of 
IFVance, one of which, h o w e v er, he beBeTSS to have been seen long since by 
CiaTofinL The commonest of the two spedes, which M. GHard names 
BntcmacuB Cacoiimiy is found under the carapace of Orapnu marmoratus^ 
Tab., an abundant spedes on the rocks at Pouliguen, Loire-Inf^eure ; and 
the parasite is so numerous that out of thirty crabs one will usually be found 
to bear it. The second spedes is much less common, occurring only in 
about 1 per cent of the crabs on which it is parasitic, the Velvet Grab 
i^Portumu puber)f a British spedes. To this M. Giard gives the name of 
Sntom»cu$ MmUesU, It is unnecessary here to indicate the characters of the 
tspecies, but some remarks of M. Giard*s upon the active embryo of Entom»cu8 
CavoUim are of considerable interest He finds that, besides the lateral eyes, 
which are double and correspond to the eyes of the normal isopods, the emlnyo 
-possesses a median eye, composed of two contiguous crystallines, with pigment 
«nd optic nerves. This he regards as the Naaplian eye, which has persisted, 
retaining a structure such as is met with in many copepods, and which 
4ifterward8 disappears with the secondary eyes during the retrograde meta- 
morphosis of the female Entomscus, This fact is of special importance, if it 
-is a real trace of the occurrence of a Nauplius stage in the development of 
this curious isopod. {Comptes rendus, September 2, 1878.) 

Circulation in Insects. — Mr. S. H. Scudder has read before the Boston 
Society of Natural History (^Proc. vol. zix. part 1), some remarks upon the 
circulation of insects, a subject upon which, as he justly says, many contradic- 
tory views have been held. He says the juices of the digested food appear 
to pass directiy through the thin walls of the alimentary canal into the 
'general cavity of the body ; from this they are pumped into the hinder 
extremity of the pulsatory dorsal vessel, by its alternate contractions and 
dilatations, while in znaoy cases portions also appear to enter the sides of the 
vessel just in advance of the valves which aid the pulsating action by allow- 
ing a free passage to the fluid only in a forward direction. In the huval 
state the walls of the paeudocardiom are often so slight as to be scarcely 
perceptible ; bat they are distinct in the imago, and as the veaael contc^sta 
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townrds the head i>f the larra itH nature becomes more iipi»rmt. Mon 
than a century ago Lyimaet showed ihst the dorsal reaael of lite ^laX-aotk- 
caterpSlar has only n Mngie outlet for the pussage of the fluids, nttMJ*. 
where it terminates with a Baring opening at the extreme front of th« " 
just above the base of the (Bsophagua, into a cavity closed by metnl 
The direct paesago of the fluids thence baa never bei^n observed, hut iIht 
must in some way at once ent«r the passap» surtoundinft tb^ trache», sinof 
thej are neit found circulating in these all over the body, Oibi^r writm 
haTe deecribed the anterior extremity lis broochin^r, but in like 
not traced the passage of the fluids beyond the main trunk. 

Mr. Scudder remarks that the ouly large tracheal vowel connpcliiif xit 
two aides of the body lies in the first segment behind the bead ; and thit 
according to the little-known in^'est^tions of Barthdeiay, 
ver»e tracheal conduit appears at the eArliest formation of the 
embryo, before any tv^ular distribution of fluids over tlie 
observed ; from the middle line of this tiaiisverse trachea half a doKO or 
more prominent branches pass directly forward, and M>me, at leart, of 
branches penetrato the caiity into which the dorsal vessel empties its 
tents. It is, therefore, highly probable that through them ibe fliud^ i 
the peri-tracbeal system, for by this channel the fluids would paM in 
eadest possible mnuner to every part of the body from the moment that tb 
pulsations of the dorsal vessel commence in the embryo. This, therii&ite, " 
the principal point towards which it is desirable that lutuie invest' 
should be directed ; and espedally the structure of the tracheal 
which enter this cavity should be minutely studied. 

The traches, as shown by several auatomiste, conast of two eotinily 
tinct parts, and although authors do not vhoUy agree in their ecplaiutiaB 
of the structure of the tracheie, there appears to be little doubt diat it U 
substantially as foUowa: — First, a mwn stem and its branches, in whkii, 
between investing tissues, lies a closely-coiled spiral thread ; and nutdds </ 
and enveloping wliieh is the pcri-traoheal vessel, whose outer walls 
limited by the extent of tbp trocheas proper, but extend beyond the spn) 
coil to form the second and distinct part of the system, namely, ea]nIUn 
tubes, penetrating every portion and oi^n of the body, and terminaling m 
a mesbworli of interlataug branches. In other words, thl« portion of the 
nrculatory system con^sts of branching tubes, wtiich enclnee nitbin all but 
their ultimate ramifications the similarly branching tubes of the res^uiatary 
system. The fluids, therefore, forced by the dorsal ve«ael into the jKt' 
tracheal cavities, become thoroughly aerated before pasMng into tbe tiMM 
of the body to perform their functions ; when they ha»e done their twA, 
they empty themaelves into the general cavity of the body, and mugUlf 
with the fluids newly expre^wed from the alimentary canal, jtnn tlw guDioil 
currents, which, m first shown by Cams, appear to set lu regxUar ehi 
at the sides and floor of the body, ofl^n, however, with no raseolw' 
darioB, towards the hinder extremity of the body, or towuds 
the dorsal vessel, to enter again the initial point of the circuLtttOI 
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